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CHAPTER  I. 

Tnil    STGiH    EN<1|NB,    A    BL'BJBrT    OP    POPl'LAH    ISTRnKST, — THK    OBJECT 

OPTtltS  WORK. — DISPLTE9  BESPECTINr,  THE  INVENTION.  —  IIKRU. UK 

OiHAV. DK  C*lfi. BRANCA.  —  MAR(|I'I8  OP  WOHCF.RTER-  —  PIIYSRAL. 

PRtMOIPI-ES.  —  ELASTIC  AND    LSCLASTIC  FI.KIDfi. — THEIR    PRDPEETIKi. 
— APPLICATION    DP   TUE^E    PRINCIPLES  TO   TUB    ENOIKBS  OF  HERO,  DK 

CACS,    AND    LORD    nORCR:STER. SIR    SAUl'EL    MORLAND.  —  I'ACIN. — 

ATMOSPHERIC    FBESSURK.  —  TBK  WEUIHT  OF   AlH. —  LESS    AT    (JRKATKR 

HRlanTS. DAROWrTCR. —  I'RPJSUBK    OP     AIR. ELASTIC    FOBCB    OP 

AIR  AND  OASK-S. FOHCK    PROnrCCD    BT    A    TAmm.  —  COMMON  PUMP. 

^MAREFACTIDN     BY     MKAT.  —  PAPIN'b      METHODS     OP     PRODt'CIN"     A 

TJkCLUM. HIS      DIACnVRRV      OF     THE    CONDP.NSATION     OP    STEAM. — 

tATEBr. 

(1.)  That  the  history  of  the  invention  of  a  piece  of  me- 
chanism, and  the  description  of  its  structure,  operalioD,  and 
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uses,  should  bo  capable  of  being  rendered  iho  subject  mntter- 
&  vuluiDC,  destined  not  alone  for  the  instruction  of  engineers 
or  maeliinists,  but  for  the  information  and  amusement  of  the 
public  in  general,  is  a  statement  which  at  no  very  remote 
period  would  have  been  deemed  extravagant  and  incredible. 

Advanced  as  we  are  in  the  art  of  rendering  knowledge 
popular,  and  cultivated  as  the  public  taste  is  in  the  .ippre- 
ciation  of  the  expedients  b^  which  science  ministers  to 
tlie  uses  of  life,  there  is  still  perhaps  but  one  machine  of 
which  such  a  proposition  can  be  truly  predicated :  it  is  need- 
less  to  say  that  that  machine  is  the  sxrAM  KNnrNE.  There 
are  many  circumstances  attending  this  i-xtraurdinary  piece  of 
mechanism  which  impart  to  it  an  interest  so  universally  felt. 
Whetlic-r  we  regard  the  details  of  its  structure  and  operation, 
the  physical  principles  which  it  calls  into  play,  and  the  beau* 
tiful  contrivances  by  which  these  physical  principles  arc  ren- 
dered available ;  — or,  passing  over  these  mransy  we  direct  our 
attention  to  the  ends  which  they  attain,  we  are  equally 
filled  with  astonishment  and  admiration.  The  history  of  the 
stetini  engine  ofTers  to  our  notice  a  series  of  contrivances 
which,  for  exquisite  and  rc6ncd  ingenuity,  stand  witliout  any 
parallel  in  tJie  annals  of  mechanical  science.  These  admirable 
inventions,  unlike  other  results  of  scientific  inquiry,  have  also 
this  peculiarity,  that,  to  understand  their  excellence  and 
to  perceive  their  beauty,  no  previous  or  subsidiary  knowledge 
is  necessary,  save  what  may  be  imparted  with  facility  and 
cte*mess  in  the  progress  of  (he  explanation  and  development 
of  the  machine  itself.  A  simple  and  clear  exposition,  divested 
of  needless  technicalities  and  aided  by  well-selected  diagrams, 
is  all  that  is  necessary  to  render  the  construction  and  oper- 
ation of  the  steam  engine,  in  all  its  forms,  intelligible  to 
persona  of  plain  understanding  and  moderate  information. 

But  if  the  contrivances  by  which  this  vast  power  is 
brought  to  beer  on  the  arts  and  manufactures,  be  rendered 
attractive  by  their  great  mechanical  beauty,  how  much  more 
imposing  will  the  subject  become  when  the  cITects  which 
die  stecm  engine  has  produced  upon  the  well-being  of  the 
human  race  arc  considered.  It  has  penetrated  the  crust 
ot'  the  eiu-th,  and  drawn  from  beneath  it  Itnundless  treasures. 
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of  mineral  wealth,  which,  without  its  aid,  would  have  been 
rendered  inaccessible ;  It  has  drawn  up,  in  measureless  quan- 
tity, the  fuel  on  which  its  own  life  and  activity  depend ;  it 
relieved  men  bom  their  most  slavish  toils,  and  reduced 
labour  in  a  great  degree  to  light  and  easy  superintendence. 
To  enumerate  its  present  efieets,  would  be  to  count  almost 
every  comfort  and  every  luxury  of  life.  It  has  increased 
the  sum  of  human  happiness,  not  only  by  calling  new 
ple-asures  into  existence,  but  by  so  cheapening  former  enjoy- 
ments as  to  render  them  attainable  by  those  who  before  could 

iver  have  hoped  to  share  them  :  the  surface  of  the  land,  and 
the  face  of  the  waters,  ore  traversed  with  equal  facility  by 
its  power;  and  by  thus  stimulating  and  facilitating  the  inter- 
courac  of  nation  with  nation,  and  the  commerce  of  people 

ith  people,  it  has  knit  together  remote  countries  by  bonds  of 

ity  not  likely  to  be  broken.  Streams  of  knowledge  and 
information  are  kept  flowing  between  distant  centres  of  po- 
pulation, those  more  advanced  dilfusing  civilisation  and  im- 
provement among  those  that  are  more  backward.  The  press 
itself^  to  which  mankind  owes  in  so  large  a  degree  the  rapidity 
of  their  improvement  in  modern-  times,  has  had  its  jiower 
and  inllucnce  increased  in  a  manifold  ratio  by  its  union  with 
the  steam  engine.     It  is  thus  that  literature  is  cheapened, 

d,  by  being  cheapened,  dilfused;  it  is  thus  that  Reason  has 
taken  the  place  of  Force,  and  the  pen  has  superseded  the 
sword;  it  is  thus  that  war  has  almost  ceased  upon  the  earth, 
and  that  the  ditTerences  which  inevitably  arise  between  people 
and  people  are  for  the  most  part  adjusted  by  peaceful  nego- 
tiation. 

Deep  as  the  interest  must  be  with  which  the  steam  engine 
will  be  regarded  in  every  civilised  country,  it  presents  pecu- 
liar claims  upon  the  attention  of  the  people  of  Great  Britain. 
ItA  invention  and  progressive  improvement  are  the  work  of 
our  own  time  and  our  own  country ;  it  has  been  produced 
and  matiu-ed  almost  within  the  last  century,  and  is  the  ex- 
clusive offspring  of  British  genius,  fostered  and  sustained  by 
British  cnterijrisc  and  British  capital. 

Tlio  steam  engine  is  a  mechanical  contrivance,  by  which 
coal,  wood,  or  other  fuel  is  rendered  capable  of  executing  any 
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kind  uf  labour.  Coals  atv  b)-  ii  made  to  spin,  weave,  dye« 
print  iLod  dress  silks,  cottons,  woollens,  and  otlicr  clullis  ;  to 
uiakc  paptrr,  and  print  books  upon  it  when  mndc ;  to  conveit 
com  into  tlour;-  to  express  oil  from  tlie  olive,  and  wine  frotn 
ihc  grape;  tu  draw  up  metal  from  the  bowels  of  the  earth} 
to  pound  and  smelt  it,  to  melt  and  mould  it;  to  forge  it;  to 
roll  it,  and  lu  iiuluun  it  into  every  desirable  fonn;  to  trao^i 
port  these  manifold  products  of  its  own  labonr  to  the  doora 
of  those  fur  whu»e  convenience  they  are  produced;  to  carrj 
persons  and  goods  over  the  vaters  of  rivers,  lakes,  seas,  and 
oceans,  in  opposition  alike  to  the  natural  difficulties  of  wind, 
and  water;  to  carr)' tlie  wind-bound  ship  out  of  port;  topi 
her  on  the  open  deep  ready  to  connnence  her  voyage;  to  throw 
its  arms  around  the  ship  of  war,  and  place  her  side  by  side 
with  the  enemy;  to  transport  over  the  surface  of  the  deep 
persons  and  infurmtttion,  from  town  to  town,  and  &om  country 
to  eountiy,  wilh  a  speed  o-h  much  exceeding  that  of  the  ordi- 
nary wind,  as  the  ordinnr)'  wind  exceeds  that  of  a  commou 
pedestrian. 

Such  are  the  virtues,  such  the  powers,  which  the  steam 
engine  has  conferred  upon  coals-  Tlie  means  of  calling 
these  powers  into  activity  are  supplied  by  a  substance  which 
nature  has  happily  provided  in  unbounded  cjuantity  in  every 
part  of  the  earth ;  and  though  tt  has  no  price,  it  has  inestip 
mable  value:  this  substance  is  water. 

A  pint  of  water  may  be  evajmrated  by  two  ounces  of  coal^J 
In  its  evaporation  it  swells  into  two  hundred  and  sixteea 
gatlons  of  steam,  with  a  mechanical  force  sufficient  to  raiae 
A  weight  of  thirty-seven  tons  a  foot  high.  The  steam  thtis 
produced  has  a  pressure  equal  to  that  of  common  atmospheric 
Rtr;  and  by  allowing  it  to  expand,  by  virtue  of  its  elasticity^ 
a  further  mechanical  force  may  be  obtained,  at  least  equal 
in  amount  to  the  former.  A  pint  of  water,  therefore,  and  two 
ounces  of  common  coal,  are  tlius  rendered  capable  of  doing  as 
much  work  as  is  equivalent  to  seventy-four  ions  raised  a  foot 
high. 

The  circumstances  under  which  the  steam  engine  is  worked 
on  a  milway  are  not  favourable  to  the  economy  of  fucL.  Ne- 
vertlieleas  a  pound  of  coke  burned   in   a  tocorootiTc  engine 
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will  evaporate  about  five  pints  of  water.  In  their  evaporation 
they  will  exert  a  mechanical  force  sufficient  to  draw  two  tons 
weight  on  the  railway  a  distance  of  one  mile  in  two  minutes. 
Four  horses  working  in  a  stage-coacli  on  a  common  road  are 
necessary  to  draw  the  same  weight  the  same  distance  in  six 
minutes. 

A  train  of  coaches  weighing  about  eighty  tons,  and  trana- 
porting  two  hundred  and  forty  passengers  with  their  luggage, 
has  been  taken  from  Liverpool  to  Birmingham,  and  back  from 
Birmingham  to  Liverpool,  the  trip  each  way  taking  about  four 
hours  and  a  quarter,  stoppages  included.  The  distance  between 
these  places  by  the  railway  is  ninety-five  miles.  This  double 
journey  of  one  hundred  and  ninety  miles  is  efiected  by  the 
raechanieal  force  produced  iu  the  combustion  of  four  tons 
of  coke,  the  value  of  which  is  about  five  pounds.  To  carry 
the  same  number  of  passengers  daily  between  the  same  places 
by  stage-coaches  on  a  common  road,  would  require  twenty 
coaches  and  an  establishment  of  three  thousand  eight  hundred 
horses,  with  which  the  journey  in  each  direction  would  be 
performed  in  about  twelve  hours,  stoppages  included. 

The  circumference  of  the  earth  measures  twenty-five 
thousand  miles ;  and  if  it  were  begirt  with  an  iron  railway, 
such  a  train  as  above  described,  carrying  two  hundred  and 
forty  passengers,  would  be  drawn  round  it  by  the  combustion 
of  about  thirty  tons  of  coke,  and  the  circuit  would  be  accom- 
plished in  five  weeks. 

In  the  drainage  of  the  Coniish  mines  the  economy  of  fuel 
is  much  attended  to,  and  coals  are  there  made  to  do  more 
work  than  elsewhere.  A  bushel  of  coals  usually  raises  forty 
thousand  tons  of  water  a  foot  high ;  but  it  has  on  some  occa- 
sions raised  sixty  thousand  tons  the  same  height.  Let  us 
take  its  labour  at  fiAy  thousand  tons  raised  one  foot  high. 
A  horse  worked  in  a  fast  atagc-coach  pulls  against  an  average 
re«i$tance  of  about  a  quarter  of  a  hundred  weight  Against 
ibis  he  is  able  to  work  at  the  usual  speed  through  about 
eight  miles  daily:  his  work  is  therefore  equivalent  to  one 
thousand  tons  raised  one  foot.  A  bushel  of  coals  conse- 
quently, as  used  in  Cornwall,  performs  as  much  labour  as  a 
day's  work  of  one  hundred  such  horses. 
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The  great  pyramid  of  Egypt  stands  upon  a  base  measuring 
Mven  hundred  feet  each  way,  and  is  five  hundred  feet  liigh, 
ita  weight  being  twelve  thouaand  seven  hundred  and  sixty 
millions  of  pounds.  Herf}dotus  states,  that  in  constructing  it 
one  hundred  thousand  men  were  constantly  employed  for 
twenty  years.  The  materials  of  this  pyramid  would  be  raised 
firom  the  ground  to  their  present  position  by  tlie  combustion 
of  about  four  hundred  and  eighty  tuns  uf  coals. 

The  Monai  Bridge  consists  of  about  two  thousand  tons  of 
iron,  and  its  height  above  the  level  of  the  water  is  one 
hundred  and  twenty  feet.  Its  mass  might  be  lifted  &om  the 
level  of  the  water  to  its  present  position  by  the  combustion  of 
four  bushels  of  coal. 

The  enormous  consumption  of  coals  produced  by  the  ap- 
plication of  the  steam  engine  in  the  arts  and  manufactures,  as 
well  as  to  railways  and  navigation,  has  of  late  years  excited 
tbti  fears  of  many  as  to  the  possibility  of  the  exhaustion  of 
our  coal-mines.  Such  apprehensions  are,  however,  altogether 
groundless.  If  the  present  consumption  of  coal  be  estimated 
at  sixteen  millions  of  tons  annually,  it  is  demonstrable  that 
tlie  coal-fields  of  this  country  would  not  be  exhausted  for 
many  centuries. 

But  in  speculations  like  these,  the  probable,  if  not  certain 
progress  of  improvement  and  discovery  ought  not  be  over- 
looked ;  and  we  may  safely  pronounce  that,  long  before 
such  a  period  of  time  shall  have  rolled  away,  other  and 
more  powerful  mechanical  agents  will  supersede  the  use  of 
coal.  Philosophy  already  directs  her  finger  at  sources  of 
inexhaustible  power  in  the  phenomena  of  electricity  and 
magnetism.  The  alternate  decumpositiun  and  recomposition 
uf  water,  by  magnetism  and  electricity,  has  too  doae  as 
analogy  to  tho  alternate  processes  of  vaporisation  and  con- 
densation, not  to  occur  at  once  to  every  mind  :  the  de- 
velopment of  the  gases  from  solid  matter  by  the  operation 
of  the  chemical  affinities,  and  their  subsequent  condensation 
into  the  liquid  form,  has  already  been  essayed  as  a  source 
of  t>ower.  In  a  word,  the  general  state  of  physical  science 
at  the  present  moment,  the  vigour,  activity,  and  sagacity 
with  which  researches  in  it  arc    prosecuted  in  every  cinl- 
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ised  cotuitty,  the  increasing  consideration  in  which  sciciitttic 
men  are  held,  and  the  personal  honours  and  rewards  which 
b^n  to  be  conferred  upon  them^  all  juslif)'  ihc  expectation 
that  wc  are  on  the  eve  of  mechanical  discoveries  still  gre^iter 
than  any  which  have  jet  appeared;  and  tliat  the  steam  en- 
gine itself,  with  the  gigantic  powers  conferred  upon  it  by  the 
iimuortal  Watt,  will  dwindle  into  insiguificauce  in  caniparisou 
with  the  energies  of  nature  which  are  still  to  be  revealed ;  and 
that  the  day  will  come  when  that  machine,  which  is  now  ex- 

^tending  the  blessings  of  civilisation  to  the  most  remote  skirts 
of  the  globe,  will  cease  to  have  existence  except  in  the  page 
of  history. 

(2.)  The  object  of  the  present  volume  will  be  to  deliver,  In 
easy  and  familiar  style,  an  historical  view  of  the  in%'ention 
of  the  steam  engine,  and  an  exposition  of  its  structure  and 
operation  in  the  various  forms  in  which  it  is  now  used, 
and  of  its  most  important  applications  in  the  arts  of  life, 

■especially  in  transport  by  land  and  water.  It  is  hoped 
that  tlie  details  of  these  subjects  may  be  rendered  easily  in- 
telligible to  all  persons  of  ordinary   information,    whetlier 

rtt^ed  by  that  natural  and  laudable  spirit  of  inquiry  awakened 
hy  contemplating  clTbcts  on  the  material  and  social  condition 
of  our  species,  so  rapid  and  so  memorable  as  those  which  have 
followed  the  invention  of  the  steam  engine,  and  by  the  plea- 
sure which  results  firom  the  perception  of  the  numerous  in- 
stances of  successful  contrivances  and  beautii'ul  applic-ations  of 
science  to  art  which  it  unfolds, —  or  impelled  by  the  exigen- 
ciea  of  trade  or  profession  to  acquire  an  acquaintance  with  a 

■machine  on  which,  more  than  any  other,  the  prosperity  of 
Our  commercial  and  manufacturing  interests  depends.  It  will 
be  our  aim  to  afford  to  the  former  class  all  the  information 
wliich  they  can  require;  and,  if  this  work  be  not  as  compre- 
hensive in  its  scope,  and  as  minute  in  its  details,  as  some  of 
the  latter  may  wish,  it  will  at  least  serve  as  an  easy  and 

'convenient  introduction  to  other  works  more  voluminous, 
costly,  and  detailed,  but  less  elementary  in  their  matter,  and 
leas  familiar  in  their  style. 

In  explaining  the  different  forms  of  steam  engine  which 
liavc  been  proposed  in  the  course  of  the  pmgressivo  improve- 
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mcDt  of  that  machine  from  its  early  rude  and  Imperfect  state 
to  its  present  comparatively  perfect  form,  it  will  be  necessary 
to  odvert  to  various  physical  phenomena  and  mechanical 
principles,  which,  however  obvious  to  those  who  are  conver- 
sant with  matters  of  science,  roust  necessarily  be  at  least  im- 
perfectly known  by  the  great  majority  of  our  readers.  To 
refer  for  information  on  such  topics  to  other  works  on 
Mechanics  and  general  Physics,  would  be  with  most  readers 
inelfcctual,  and  with  all  unsatisfactory.  In  former  editions  of 
tlie  present  w^urk,  we  consigned  these  necessary  general  prin- 
ciples  of  physics  and  mechanics  to  a  preliminary  chapter ; 
but  it  appears,  on  the  whole,  more  convenient  not  to  remove 
the  exposition  of  the  principle  from  tlie  place  where  its  appli- 
cation is  required.  We  shall  therefore  pause  as  we  proceed, 
where  these  difficulties  occur,  to  give  such  explanation  and 
illustration  as  may  seem  best  suited  to  render  them  intelligible 
and  interesting  to  the  unscientific  reader. 

The  history  of  the  arts  and  manufactures  affords  uo  ex* 
ample  of  any  invention  the  credit  for  which  has  been  claimed 
by  so  many  different  nations  and  individuals  as  tjiat  of  the 
steam  engine.  The  advocates  of  the  competitors  for  this 
honour  liavc  urged  tlieir  pretensions,  and  pressed  their  claims, 
with  a  steal  which  has  occasionally  outstripped  the  bounds  of 
discretion,  and  tJie  contest  has  not  unCrcquently  been  tinged 
with  prejudices,  national  and  j>ersonal,  and  characterised  by 
A  degree  of  asperity  altogether  unworthy  of  so  noble  a  cause, 
and  beneath  the  dignity  of  science. 

**  Wlien  a  question  is  clearly  proposed,  it  s  already  half 
resolved."  Let  us  see  whether  a  careful  attention  to  this 
maxim  will  aid  us  in  the  investigation  of  the  origin  of  the 
steam  engine.  The  source  of  the  power  of  that  machine  it 
foimd  in  the  foUowijig  natural  phenomena. 

Finl.  When  fire  is  applied  to  water,  the  liquid  swells 
into  vapour,  and  in  imdcrgoing  this  change  exerts,  as  has 
been  already  stated,  a  considerable  amount  of  mechanical 
force.  This  force  may,  by  proper  means,  be  rendered  ap- 
plicable to  any  puqiose  for  which  labour  or  power  is  needful. 

Second,  The  vapour  so  produced  is  endowed  with  the 
pruporly  of  elasticity,  in  virtue  of  which  it  is  capable  of 
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swelling  or  expanding  into  increased  dimensions,  exerting,  as 
It  exjiands,  a  force,  the  energy  of  wbicb  ia  gradually  diminished 
as  the  dimensions  of  the  vapour  are  increased.  This  me- 
chanical force  is  likewise  capable  of  bting  applied  to  any 
useful  purpose  for  which  labour  or  power  is  necessary. 

TTtird,  This  vapour  is  caitablc,  by  proper  means,  of  being 
reconverted  into  water;  and  when  so  reconverted,  it  shrinks 
into  its  original  dimensions,  deserting  the  large  space  which 
U  occupied  as  vapour,  and  leaving  that  space  a  vacuum.  It 
is  known  in  physics,  that  when  a  vacuum  is  produced,  sur- 
rounding bodies  have  a  tendency  to  rush  into  it  with  a  definite 
amount  of  force.  Consequently  any  agent  which  produces  a 
vacuuiii,  becomes  a  source  of  a  considerable  amouut  of  me- 
chanical power.  By  its  reconversion  into  water,  therefore, 
steam  again  becomes  a  moclianical  agent. 

Such  are  the  natural  phenomena  in  wliich  arc  found  the 
original  sources  of  all  steam  power.  In  some  forms  of  steam 
engine  one  of  these  is  used,  and  in  some  another,  and  in 
some  the  application  of  all  of  them  is  combined  ;  but  in  no 
existing  form  of  steam  engine  whatever  is  there  any  other 
source  of  mechanical  power. 

Neither  these  nor  any  other  natural  forces  can  be  applied 
wiwtediately  to  any  useful  purpose.  The  interposition  of 
mechanism  is  indispensable ;  on  the  invention  and  contrivance 
of  that  mechanism  depends  altogether  the  useful  application 
uf  these  natural  forces. 

The  world  owes  the  steam  engine  then  partly  to  discoeeryj 
and  partly  to  invention. 

He  that  discovered  the  fact,  that  mechanical  force  was 
produced  in  the  conversion  of  water  into  steam,  must  be  justly 
held  to  be  a  sharer  in  the  merit  of  the  steam  engine,  even 
though  he  should  never  have  practically  applied  his  disco* 
very.  The  like  may  be  said  of  him  who  first  discovered  the 
source  of  the  mechanical  power  arising  from  the  expansion 
of  steam. 

The  discoverer  of  the  fact,  that  steam  being  reconverted 
into  water  greatly  contracted  its  dimensions,  and  thereby 
produced  a  vacuum,  is  likewise  entitled  to  a  share  of  the 
credit. 


1« 


THE    STEAM    ENGINE. 


The  mcctianiflm  by  which  these  natxiral  forces  have  been 
render^  so  univeraolly  available  as  a  moving  power,  is  very 
various  and  complicated,  and  cannot  be  traced  to  one  in- 
ventor.  "  If  a  watclimoker,"  says  M.  Arago,  "  well  instructed 
in  the  history  of  his  art,  were  required  to  ^ve  a  cate^ricaJ 
answer  to  the  question,  Who  has  invented  watches  ?  he  would 
remain  mute;  but  the  question  would  be  divested  of  much 
of  its  difiiculty  if  he  were  required  separately  to  declare  who 
discovered  the  use  of  the  main  spring,  the  diiferent  forms  of 
escapement,  or  the  balance  wheel."  So  it  is  with  the  stoam 
engine.  It  is  a  combination  of  a  great  variety  of  contrivances, 
distinct  6rom  eaeh  other,  which  are  the  production  of  several 
inventors.  If,  however,  one  name  more  than  tlic  rest  be 
entitled  to  special  notice ;  if  A«  is  entitled  to  the  chief 
credit  of  the  invention  who  by  the  powers  of  his  mecha- 
nical gentuH  has  imparted  to  the  steam  engine  that  form, 
and  conferred  upon  it  those  qualities,  on  which  mainly 
depends  its  present  extensive  utility,  and  by  which  it  has 
become  an  agent  of  transccndant  power,  spreading  its  bene- 
ficial eifeclA  throughout  every  part  of  the  civilised  globe, 
then  the  universal  voice  will,  as  it  were  by  acclamafion^i 
award  the  honour  to  one  individual,  whose  pre-eminent 
genius  places  him  far  above  all  other  competitors,  and  from 
the  application  of  whose  mental  energies  to  this  machine 
may  be  dated  those  grand  cSect^  which  render  it  a  topic  of 
interest  to  all  for  whom  the  progress  of  civilisation  has  any 
attractions.  Before  the  era  rendered  memorable  by  the  dis- 
coveries of  James  Watt,  the  steam  engine,  which  has  since 
Iwconie  an  object  of  such  universal  interest,  was  a  machine 
of  extremely  limited  power,  inferior  in  importance  and  use- 
fulness to  most  other  mechanical  agents  used  as  prime 
movers;  hut,  from  that  epoch,  it  is  scarcely  necessary  here 
to  state,  that  it  became  a  subject  not  of  British  interest  only, 
but  one  having  an  important  connection  with  the  progress  of 
the  human  race. 


Hero  OP  Alexandria,  130  d.c. 

(3.)  The  discovery  of  the  fact,  that  a  mechanical  force  is 
produced  when  water  is  evaporated  by  tlie  application  of  heat, 
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musi  be  considered  as  the  first  capital  step  in  the  invention 
of  the  steam  engine.  It  ia  recorded  in  a  work  entitled  Spi- 
ritaiia  *eu  Pneumaticaf  that  Hero  of  Alexandria  contrived  a 
machine,  ISO  years  before  the  Christian  era,  which  was  moved 
by  the  mechanical  force  of  the  vapour  of  water.  The  prin- 
ciple of  this  machine  admits  of  eaajr  explanation  :  When  a 
fluid  issues  from  any  vessel  in  which  it  is  conlined,  that  vessel 
suffers  a  force  equal  to  that  with  which  the  fluid  escapes  from 
it,  and  in  the  opposite  direction.  If  water  issues  from  an 
orifice,  a  pressure  is  produced  behind  the  orifice  corresponding 
to  the  force  with  which  the  water  escapes.  If  a  man  dis- 
charge a  gun,  the  gases  produced  by  the  i^xplnsion  of  the 
powder  issue  with  a  certain  force  from  tlie  muzzle,  and  his 
shoulder  is  driven  backwards  by  the  recoil  with  a  coiTcspond- 
jng  force.  If  the  muzzle,  instead  of  being  presented  forwards, 
[Were  turned  at  right  angles  to  the  length  of  the  gun,  then,  as 
tthe  gases  of  explosion  would  escape  sideways^  the  recoil  would 
likewise  take  place  sideways,  and  the  shooter,  instead  of  being 
driven  backward,  would  be  made  to  spin  round  as  a  dancer 
pirouettes.     This  was  the  principle  of  Hero's  steam  engine. 

A  small  globe  or  ball  was 
placed  on  pivots  at  a  and 
B  Ififf.  1.),  on  which  it  was 
capable  of  revolving:  steam 
>  was  supplied  through  one 
of  these  pivots  from  one  of 
the  tubes  d  c  £  F,  wliich 
communicated  with  the 
boiler.  This  steam  filled  the 
globe  A  I B  K,  and  also  the 
ftrma  i  H  and  kg.  A  lateral  orifice,  represented  at  g,  near 
the  end  of  these  arms,  allowed  thr  steam  to  escape  in  a  jet, 
and  the  reaction,  producing  a  recoil,  had  a  tendency  to  drive 
the  arm  round.  A  small  orifice  at  h,  on  the  other  side 
of  the  tube,  produced  a  like  effect.  In  the  same  manner, 
any  convenient  number  of  arms  might  be  provided,  surround- 
ing the  globe  and  communicating  with  its  interior  like  the 
apokes  of  a  wheel.  Thus  these  arms,  Laving  lateral  orifices 
for  the  escape  of  the  steam,  all  placed  so  that  the  recoil  may 
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tend  to  luni  Uic  ^lobc  in  the  siuiio  direction,  a  rotatorv 
motion  might  be  communicated  to  any  machinery  which  ii 
was  desired  to  move. 

After  Imving  been  allowed  to  slumber  for  nearly  two  tliou- 
aand  years,  this  machino  has  recently  been  revived,  and 
engines  constructed  aimilar  to  it  are  now  working  in  the»c 
countries.  In  the  pro]>eT  place  wc  shall  describe  Avery's 
Rotatory  Engine,  which  it  will  be  seen  is,  not  only  in  its 
principle,  but  almost  iu  its  details,  the  machine  of  Hero  op 
Albxandria. 

Although  the  elastic  force  of  steam  was  not  reduced  to  nu- 
merical  measure  by  the  ancients,  nor  brought  under  control, 
Dor  applied  to  any  useful  purpose,  yet  it  appears  to  have  been 
recognised  in  vague  and  general  terms.  Aristotle,  Seneca,  and 
otiier  ancient  writers,  accounted  fur  earthquakes  by  tlic  sudden 
conversion  of  water  into  Hteam  within  the  earth.  This  change, 
according  to  them,  was  effected  by  subterranean  heat.  Such 
tremendous  effect^  beinp^  nacribed  to  steam,  it  can  scarcely  be 
doubted  thai  tiie  Greeks  tind  RumaDS  were  acquainted  with  tlie 
fiict,  that  water  in  passing  into  vapour  exercises  considerable 
Diechanical  power.  They  were  aware  that  the  earthquakes, 
which  they  Hficribed  to  this  cause,  exerted  forces  sufficiently 
|>owcrfuI  to  extend  the  natural  limits  of  the  oceon  ;  to  over- 
turn from  their  foundations  the  most  massive  monuments  of 
human  labour  ;  to  raise  islands  in  the  midst  of  seas ;  and  to 
heave  up  the  surface  of  the  land  of  level  continents  so  as  to 
form  lofty  mountains. 

Such  notions,  however,  resulted  not  as  consequences  of  any 
exact  or  scientific  principles,  but  from  vague  analogies  de- 
rived from  effects  which  could  not  fait  to  have  been  manifested 
in  the  arts,  such  as  those  which  commonly  occurred  iu  the 
process  of  casting  in  metal  the  splendid  statues  which  adorned 
the  temples,  gardens,  and  public  places  of  Rome  and  Athens. 
The  artisan  waa  liable  to  the  same  accidents  to  which  modem 
founders  arc  exposed,  produced  by  the  casual  presence  of  a 
little  water  in  the  mould  into  which  the  molten  metal  is 
poured.  Under  such  circumstances,  the  sudden  formation 
of  steam  of  an  extreme  pressure  produces,  as  is  well  known, 
explosions  attended  with  destructive  efTeets.     The  Grecian 
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and  Roman  artisans  were  subject  to  such  accidents;  and  the 
philosopher,  generalising  such  a  fact,  would  arrive  at  a  sohition 
of  the  grander  class  of  phcuomeaa  of  earthquakes  and  vol- 
canoes. 

Before  natural  phenomena  arc  rendered  subservient  to  pur- 
poses of  utility,  they  are  often  made  to  minister  to  the  objects 
of  superstition.  The  power  of  steam  is  not  an  exception  to 
this  rule.  It  is  recorded  in  the  Chronicles,  that  upon  the 
banks  of  the  Weser  the  ancient  Teutonic  gods  sometimes 
marked  their  displeasure  by  a  sort  of  tliundcrbnlc,  which  waa 
immediately  succeeded  by  a  cloud  that  filled  the  temple.  An 
image  of  the  god  Rtisterich,  which  was  found  in  some  exca- 
vations, clearly  explains  the  manner  in  which  this  prodigy 
was  accomplished  by  the  priests.  The  head  of  the  metal  god 
wos  hollow,  and  contained  within  it  a  pot  of  water:  tlic 
mouth,  and  another  hole,  above  the  forehead,  were  stopped 
by  wooden  plugs ;  a  small  stove,  adroitly  placed  in  a  cavity 
of  the  head  under  the  pot,  contained  charcoal,  which,  being 
lighted,  gradually  heated  the  liquid  contained  in  the  head. 
The  vapour  produced  from  the  water,  having  acquired  suili- 
cient  pressure,  forced  out  the  wooden  plugs  with  a  loud  re- 
port, and  they  were  immediately  followed  by  two  Jets  of  steam, 
which  formed  a  dense  cloud  round  the  god,  and  concealed  him 
from  his  astonished  worshippers.* 

Among  other  amusing  anecdotes  showing  the  knowledge 
which  the  ancients  had  of  the  mechanical  force  of  steam,  it  is 
related  that  Anthcmius,  the  architect  of  Saint  Sophia,  occu- 
pied a  house  next  door  to  that  of  Zcno,  between  whom  and 
Anthemius  there  existed  a  feud.  To  annoy  his  neighbour, 
Anthemius  placed  on  the  ground  floor  of  his  own  house  several 
close  digestt^rs,  or  boilers,  containing  water.  A  llexiblc  tube 
proceeded  from  the  top  of  each  of  these,  which  was  conducted 
through  a  hole  made  in  the  wall  between  the  houses,  and 
which  communicnted  with  the  space  under  tlie  floors  of  tlic 
rooms  in  the  house  of  Zeiio.  When  Anthemius  desired  to  an- 
noy liis  neighbour,  he  lighted  fires  under  his  boilers,  and  tlic 
steam  produced  by  them  rushed  in  such  quantity  and  witii 


*  An^EO,  EloKC  hiirtonqiic  lU-  Jriticn  WhII  ;   p.  82. 
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such  force  under  Zeno's  floors,  that  tltcy  were  made  to  bcavc 
with  all  the  usual  symptoms  of  nn  earthquake.* 

Blasco  du  Oaray,  a.  d.  1543. 

(4.  )  In  the  year  18S6,  M.  de  Nararretc  puhliahed.  in  ZbcIi'ii 
Astronomical  Correspondence,  a  communication  from  Thomas 
GunZftles,  Director  of  the  royal  archives  of  Simaiicas,  giving 
an  account  of  an  experiment  reported  to  have  been  made  in 
the  year  XoiS,  in  which  a  vessej  was  propelled  by  a  machine 
having  the  appearance  of  a  steam  engine. 

Blasco  do  Garay,  a  sea  captain,  proposed  in  that  yenr  to 
llie  Emperor  Charles  V.  to  propel  vessels  by  a  macliinc  which 
he  had  invented,  even  in  time  of  calm,  without  oars  or 
sails.  Notwithstanding  the  apparent  improbability  attending 
this  project,  the  Emperor  ordered  the  experiment  to  be 
made  in  the  port  of  Barcelona,  and  the  17th  of  June,  1543, 
was  ihe  day  appointed  for  its  trial.  The  commiisioners  ap- 
pointed by  Charles  V.  to  attend  and  witness  the  experiment 
were  Don  Henry  of  Toledo,  Don  Pedro  of  Cardona,  the  trea- 
surer Uavago,  the  vice  chancellor  and  intendant  of  Catalonia, 
and  others.  The  vessel  On  which  the  experiment  was  made 
was  the  Trinity,  200  tons  burthen,  which  had  just  discharged  a 
cargo  of  com  at  Barcelona,  Garay  concealed  the  nature  of 
his  machinery,  even  from  the  commissioners.  All  that  conld 
be  discovered  during  the  trial  was,  that  it  consisted  of  a  lai^ 
boiler  containing  water,  and  that  wheels  were  attached  to  each 
nde  of  the  vessel,  by  the  revolution  of  which  it  was  propelled. 
The  commissioners  having  witnessed  the  experiment,  made  a 
report  to  the  king,  approving  generally  of  the  invention,  |}ar- 
ticularly  on  account  of  the  ease  and  promptitude  with  which 
the  vessel  could  be  put  about  by  it. 

The  treasurer  Ravago,  who  was  himself  hostile  to  the  pro- 
ject, reported  that  the  machine  was  capable  of  propelling  a 
vessel  at  the  rate  of  two  leagues  in  three  hours ;  but  the 
other  commissioners  stated  that  it  madt*  a  league  an  hour  at 
the  least,  and  that  it  put  the  vessel  about  as  speedily  as  would 
be  accomplished  with  a  galley  worked  according  to  the  com- 

*   Ibid.,  p.  91.  note. 
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mon  method.  Kavago  reported  that  the  machinery  was  too 
complicated  and  expensive,  and  that  it  was  subject  to  the 
danger  of  the  boiler  bursting. 

After  the  erperiraent  was  made,  Garay  took  away  all  the 
machinery,  leaving  nothing  but  the  frauiing  of  wood  in  the 
arsenals  of  Barcelona. 

Notwithstanding  the  opposition  of  Ravago,  the  invention 
was  approved,  and  the  inventor  was  promoted  and  received  a 
peoiniary  reward,  besides  Uaviug  all  his  expenses  paid. 

From  the  circumstance  of  the  nature  of  the  machinery 
having  been  concealed,  it  is  impossible  to  say  in  what  this 
machine  consisted:  but  as  a  boiler  was  used.  It  is  probable, 
diough  not  certain,  that  steam  was  the  agent.  There  have 
been  various  macliincs  proposed,  of  which  a  furnace  and 
boiler  form  a  part,  and  in  which  the  agency  of  ateam  ia 
not  used.  The  machine  of  Amontons  furnishes  an  example 
of  this.  It  is  most  probable  that  the  contrivance  of  Garay 
was  identical  with  that  of  Hero.  The  low  state  of  the  arts 
in  Spain  in  the  sixteenth  century  would  be  incompatible  with 
the  construction  of  any  machine  requiring  great  precision  of 
execution.  But  the  simplicity  of  Hero's  contrivance  would 
have  rendered  its  construction  and  operation  quite  practicable. 
As  to  the  claims  to  the  invention  of  the  steam  engine  ad- 
vanced by  the  advocates  of  De  Garay,  founded  on  the  above 
document,  a  refutation  is  supplied  by  the  admission,  that 
though  he  was  rewarded  and  promoted  by  the  government  of 
the  day,  in  consequence  of  the  experiment,  and  although  the 
great  usefulness  of  the  contrivance  in  towing  shipa  out  of 
port,  &c.,  was  admitted,  yet  it  does  not  appear  that  a  second 
experiment  was  ever  tried,  much  less  that  the  machine  was 
ever  brought  into  practical  use. 

Solomon  de  Caus,  161 5. 
(6.)  Solomon  De  Caus  was  engineer  and  arcliitect  to 
Louis  XIII.,  king  of  France,  before  the  year  I6I2.  In  that 
year  he  entered  the  service  of  tlie  Elector  Palatine,  who 
married  the  daughter  of  King  James  1.,  witli  whom  he  came 
to  England.  He  was  there  employed  by  tlie  Prince  of 
Wales  in  ornamenting  the  gardens  of  his  house  at  Richmond. 
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During  his  sojourn  in  Enf^Und  be  composed  and  publi'vlicd  at 
London,  in  the  same  year,  a  Treatise  on  Perspective.  Thit 
person  was  the  author  of  a  work  entitled,  "  he*  Maixona  d«t 
Forcet  Mouvantex^  area  diverse*  Machines  tant  utiles  que 
plaisantes"  which  was  apparently  composed  at  lleidelbur^, 
but  published  at  Franckfort,  in  1615.  The  same  work  wu 
subsequently  republished  in  Paris  in  10123. 

The  treatise  commences  with  definitions  of  what  were  then 
considered  the  four  elements:  earth,  air,  fire,  and  water* 
Air  is  defmed  to  be  a  cold,  dry,  and  Uglit  element,  capable  of 
compretston,  by  which  it  may  be  rendered  very  violent.  He 
»ays,  "Tlie  violence  will  be  great  when  water  exhales  in  air 
by  moans  of  lire,  and  that  the  said  air  is  enclosed :  as»  for 
example,  take  a  ball  of  copper  of  one  or  two  feet  diameter, 
and  one  inch  thick,  which  being  filled  with  water  by  a  small 
iuiie,  which  shall  bo  strongly  stopped  with  a  peg,  so  that 
neither  air  nor  water  can  escape,  it  is  certain  that  if  we  put 
the  said  ball  upon  a  great  fire,  so  that  it  will  become  very 
hot,  that  it  will  cause  a  compression  so  violent,  that  the  ball 
will  burst  in  pieces,  with  a  noise  like  a  petard.** 

The  effect  which  is  here  described  is  duo  to  the  combined 
pressure  of  the  beatcd  air  contained  in  the  ball  and  the  high 
pressure  steam  raised  from  the  water,  but  much  more  to  the 
latter  than  to  the  former.  It  is  CTident,  however,  from  the 
language  of  De  Cans,  that  he  ascribes  the  force  entirely  to 
the  air,  and  seems  to  consider  that  the  force  of  the  air  pro- 
ceeded from  the  water  which  exhaled  in  it. 

The  first  theorem  is,  "  that  the  parts  of  the  elements  mix 
together  for  a  time,  and  then  each  returns  to  its  place  "  (the 
elements  here  referred  to  being  apparently  air  and  water). 
Upon  this  subject  the  following  is  an  example :  "  Take  « 
rotind  vessel  of  copper,  soldered  close  on  every  side,  and 
with  a  tube,  whereof  one  end  approaches  nearly  to  the 
bottom  of  the  vessel,  and  the  other  end,  which  projects  on 
the  outside  of  the  vessel,  has  a  stop-cock  ;  there  is  also  a  hole 
in  the  top  of  the  vessel,  with  a  plug  to  stop  it.  If  this  vesiel 
will  contain  three  pott  of  vrater,  then  pour  in  one  pot  of 
water,  and  place  tlie  vessel  on  the  fire  about  three  or  four 
minutes,  leaving  the  hole  open  ;  then  take  tlie  vessel  off  the 
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fire,  and  a  little  after  pour  out  the  water  at  the  bole,  and  it 
will  be  found  that  a  part  of  the  said  water  has  been  eva- 
porated by  the  heat  of  the  fire.  Then  pour  iu  one  pot  of 
water  as  before,  and  stop  up  the  hole  and  the  cock,  and 
put  the  re«sel  on  tho  fire  for  the  same  time  oa  before  ;  then 
take  it  off,  and  let  it  cool  of  itself,  without  opening  the  plug, 
and  after  it  is  quite  culd  pour  out  the  water,  aud  it  will  be 
found  exactly  the  same  quantity  as  was  put  in.  Thus  we  see 
th«t  the  water  which  was  evaporated  (the  first  time  that  the 
tokI  wa«  put  on  the  fire)  is  returned  into  water  the  second 
tune  when  that  vapour  has  been  shut  up  in  the  vessel,  and 
cooled  of  itsclC" 

bi  the  description  of  these  experiments,  the  processes  of 
evaporation  and  condensation  arc  obscurely  indicated;  but 
there  is  no  intimation  that  the  author  possessed  any  know- 
ledge of  the  elastic  force  of  steam.  His  theorem  is,  that  the 
porta  of  the  element  water  mix  for  a  time  with  the  parts  of 
the  element  air ;  that  fire  causes  this  mixture,  and  that  on 
removing  the  fire,  and  dissipating  the  heat,  then  the  parts  of 
the  water  mixed  with  air  return  to  their  proper  place,  form- 
ing again  part  of  tho  water.  There  is  no  indication  of  a 
change  of  property  of  tho  water  in  passing  into  vapour.  It 
ia  difficult  to  conceive,  if  De  Caus  had  been  aware  that  the 
vapour  of  water  possessed  the  same  violent  force  whicli  he 
dbtinctly  and  in  terms  ascribes  to  air,  or  if  he  liad  been 
■ware  that  in  effect  the  vapour  of  the  water  produced  by  the 
fire  was  &  fluid,  possessing  exactly  the  some  mechanical 
quidities,  and  producing  the  same  mechauicul  effects  as  air, 
that  he  would  not  have  expressed  himsftlf  clearly  on  the 
subject. 

He  proceeds  to  give  another  demonstration  that  heat  will 
cause  the  particles  of  water  to  mix  with  those  of  air. 

**  After  having  put  the  measure  of  water  into  the  vesselj 
Knd  shut  the  vent-hole,  and  opened  the  cock,  put  the  vessel 
on  the  fire,  and  put  the  pot  under  the  cock ;  then  the  water 
of  the  vessel,  raising  itaelf  by  the  heat  of  the  fire,  will  run 
out  through  the  cock ;  but  about  one  sixth  or  qwq  eighth 
part  of  the  water  will  not  run  out,  because  the  violence  of 
the  raponr  which  causes  the  water  to  rise  proceeds  from  the 
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said  water ;  which  vapour  goes  out  through  the  cock  nfter  the 
water  with  great  violence.  There  is  also  anotlier  example  in 
quickidlver^  or  mercury,  which  is  a  fluid  mincml,  but  being 
heated  by  fire,  exhales  in  vapour,  and  mixes  witJi  the  air  for 
a  time ;  but  after  the  said  vapour  is  cooled,  it  returns  to  its 
first  nature  of  quicksilver.  The  vapour  of  water  is  much 
tighter,  and  therefore  it  rises  higher,"  &c.  &:c. 

In  this  second  demonstration  ilierc  appears  to  be  some 
obocure  indication  of  the  force  of  steam  in  the  words  "  be- 
cause of  the  violence  of  the  vapour  which  causes  the  water 
to  rise/*  Sec. 

The  fifth  theorem  is  the  following:  — 
"  Water  mil  mount  by  the  hefp  ofjire  higher  than  ii*  lev^l,** 
which  is  explained  and  proved  in  tlie  following  terms  :  — 

'*  The  tkirtl  method  of  raising  water  is  by  the  aid  of  fire. 
On  this  principle  may  bo  constructed  various  machines :  I 
Pig.  s.     shall  here  describe  one.     Let  a  ball 
of  copper  marked  a  ;  well  soldered  iu 
every  part,  to  which  is  attached  a 
^  .  tube  and  stop-cock    marked   D,   by 

^^^^.-'-^  p*v^  which  water  may  be  introduced ;  and 

also  another  tube  marked  b  c,  which 
will  be  soldered  into  the  top  of  the 
ball,  and  tlie  lower  end  c  of  which 
i  jtHUf  shall  descend  nearly  to  the  bottom  of 
the  ball  without  touching  it.  Let 
the  said  ball  be  filled  with  water 
through  tlie  tube  d,  then  shutting  the  stopcock  D,  and 
opening  the  stop-cock  in  tlie  vertical  tube  b  c,  let  the  ball  b« 
placed  upon  a  fire  the  heat  acting  upon  the  said  ball  wilt 
cause  the  water  to  rise  in  the  tube  b  c." 

In  the  apparatus  as  here  described,  the  space  enclosed  in 
the  boiler  above  the  surface  of  the  water  is  filled  with  air. 
By  the  action  of  the  fire,  two  ctfecU  arc  produced:  first,  the 
air  enclosed  above  the  water,  being  heated,  acquires  increased 
•hstidty,  and  presses  with  a  corresponding  force  ou  tlic  sur- 
fiKe  of  the  water.  By  this  means  a  column  of  water  will  l>e 
driven  up  the  tube  a  b  at  such  a  height  as  will  balance  the 
elasticity  of  the  heated  air  confined  in  the  boUcr;  but  besides 
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tbia  the  water  contained  in  the  boiler  being  heated,  will  pro- 
duce steam,  which  being  mixed  with  air  contained  in  the 
boiler,  will  likewise  prc&s  with  its  proper  elasticity  on  the 
sorfiuM  of  the  water,  and  will  combine  ^vith  the  air  in  raising 
ft  column  of  water  in  the  tube  a  b.  in  the  above  description 
of  ihe  machine,  the  force  which  raises  tlie  water  in  the  tube 
A  B  is  ascribed  to  the  drc,  no  mention  being  made  of  the 
water,  or  of  the  vapour  or  steam  produced  from  it  having  any 
■gcncT  in  raising  the  water  in  the  tube  a  d. 

Antecedently  to  the  date  of  this  invention,  the  effect  of 
heat  in  increasing  the  clastic  force  of  air  was  known,  and  so 
far  as  the  above  description  goes,  the  whole  operation  might 
be  ascribed  to  the  air  by  a  person  having  no  knowledge 
whatever  of  the  elasticity  of  steam.  M.  Arago,  however, 
who.  on  the  grounds  of  t})is  passage  in  the  work  uf  De  Cuus, 
claims  for  him  a  share  of  the  honour  of  the  invention  of  tlie 
steam  engine,  contends  that  the  agency  of  steam  in  this 
apparatus  was  perfectly  known  to  De  Caus,  although  no 
mention  is  made  of  steam  in  the  above  descriptiou,  because 
in  the  second  demonstration  above  t^uoted  ho  uses  the  words, 
"  the  nolence  of  the  vapour  which  causes  the  water  to  rise 
proceeds  from  the  said  water  ;  which  vapour  goes  out  from  the 
cock  after  the  water  with  great  violence."  By  these  words 
M.  Arago  considers  that  De  Caus  expresses  the  quality  of 
elasticity  proper  to  the  vapour,  and  that  the  context  justifies 
the  inference,  that  to  tWia  elasticity  he  ascribed  the  elevation 
of  the  water  in  the  tube  c  b. 

There  appears  to  be  some  uncertainty  attending  the  birth- 
place of  De  Caus.  In  the  Biographie  Universelle  be  is  said 
to  have  been  bom  and  to  have  died  in  Normandy.  M.  Arago 
assigns  Dieppe,  or  its  neighbourhood,  as  his  birthplace. 

There  was  another  engineer  and  architect,  Isaac  De  Caus, 
a  native  of  Dieppe,  who  publislied  a  work  in' folio,  entitled 
"  Nottvelie  Invention  de  Lever  PEnu  pluti  haul  que  sa  Sottrest 
avec  quelque  Machines  mouvantet,  par  h  Mot/eti  de  ^Eau,  et 
mlHseours  de  la  Conduite  d'IcelU.'*  This  volume  is  without 
a  date,  but  from  tlie  nature  of  its  contents  it  would  appear  to 
have  been  published  before  the  work  of  Solomon  De  Caus  al- 
ready cited.    The  drawings  and  machines  described  in  both 
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are  exactly  the  same;  but  the  definitions  and  theorems  quoted 
above  on  raisinf^  water  by  fire  are  not  given  in  the  work  of 
Iiaac.  It  sevmSf  therefore,  that  Solomon  De  Caus  re-pub- 
lished, with  additions,  the  work  of  Isaac  Do  Caua.  »um  the 
lame  birthplace  being  awigned  to  both  these  authors,  as  weli 
as  from  the  similarity  of  their  pursuits,  it  is  likely  tliey  were 
members  of  the  same  family,  and  from  their  christian  names 
Ihcy  were  probably  Jews. 

The  work  cited  above,  was  dedicated  to  Txiuia  Xltl.,  an<l 
in  the  dedication  Solomon  De  Caus  calU  himself  the  subject 
of  that  monarch ;  and  iu  the  privilege  prefixed  to  the  work 
ho  is  designated,  **  Our  well-beloved  Solomon  De  Caus,  master 
engineer,  being  at  present  in  the  sen-ice  of  our  dear  and 
well-beloved  cousin,  the  Prince  Elector  Falatiue,  lias  made 
known  to  us,"  &c. —  '*  we,  desiring  to  gratify  the  said  De 
Caus,  he  being  our  subject,"  &c. 

It  ia  therefore  certain,  whatever  may  have  been  the 
birthplace  of  De  Caus,  that  he  was  at  least  a  subject  of 
France.  The  circumstance  of  his  work  being  written  in 
French,  though  published  beyond  the  Kbine,  is  also  au  argu- 
ment in  fitvour  of  bis  being  a  native  of  that  country. 


GiovANNt  Branca,  16^. 

(6.)  Giovanni  Branca  of  Lorctto  in  Italy,  an  engineer  and 
architect,  proposed  to  work  mills  of  different  kinds  by  st«am 
issuing  from  a  large  leulopilc,  and  blowing  aguinst  the  vanes  of 
a  wheel-  Branca  was  the  author  of  many  ingenious  mechani- 
cal  inventions,  a  collection  of  which  he  dedicated  to  M.  Cenci, 
the  governor  of  Loretto.  These  were  published  in  a  work 
printed  at  Borne  in  16$^.  It  is  a  thin  quarto,  entitled  "  Le 
Machine  volume  nuovo,  et  di  mnlin  nrtificio  da  fare  effetH  fnarn- 
vigliosi  tanto  Spiritati  quanta  di  Animafe  Operatione,  arichito 
di  brlliftime  Jlgnre,  Del  Sig,  Giot-anni  liranca,  CUtatiirw  Ho- 
mano.  In  Roma^  1G29."  The  work  contains  sixty-tliree  en- 
gravings, accompanied  by  descriptions  in  Italian  and  Latin. 
Branca's  steam  engine,  represented  in  the  twenty-fifth  plate, 
consists  of  awheel  furnished  with  flat  vanes  upon  its  rim,  like 
the  boards  of  a  paddle  wheel.  7'he  steam  is  produced  in  a 
close  vessel,  and  made  to  issue  with  violence  from  the  ex- 
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tremity  of  a  pipe  directed  against  the  vanos,  and  causea 
the  wheel  to  revolve.  This  motion  being  imparted  by  the 
usual  mechanical  contrivances,  any  machinery  may  be  im- 
pelled by  it.  Different  useful  applications  of  tltis  power  are 
contained  in  the  work,  viz.  pestles  and  mortars  for  pounding 
materials  to  make  f^npowder,  and  rolling'  stones  for  grinding 
the  same;  machines  for  raisiuij  water  by  bucket*,  for  sawing 
timbers,  for  driving  piles,  &c.  &c 

This  method  of  applyinp  the  force  of  steam  has  no  analogy 
to  any  application  of  steam  in  roodern  engines. 

EowAHD  Somerset,  MxRavis  of  AYoRCEsTEn,  1663. 

(7.)  Of  all  the  names  which  figure  in  the  early  annals  of 
steam,  by  far  the  most  remarkable  is  that  of  the  Marquis  of 
Worcester,  who  has  left  a  description  q(  a  machine  in  a  work, 
entitled  "  The  ScantUug  of  One  Hundred  Inventions,"  which 
hu  been  generally  in  this  country  considered  as  giving  him  a 
right  to  the  honour  of  having  been  the  inventor  of  tlie  steam 
engine. 

Lford  "Worcester  having  been  engaged  on  the  side  of  the 
Royalists  in  tlie  civil  wars  of  the  revolution,  lost  \ih  fortune, 
and  went  to  Ireland,  where  he  was  imprisoned.  He  escaped 
from  thence,  and  reached  France;  from  that  country  he  ven- 
tured to  London,  as  a  secret  agent  of  Charles  II.,  but  was 
detected,  and  imprisoned  in  the  Tower,  where  he  remained 
until  the  restoration,  when  he  was  set  at  liberty.  Tradition 
has  connected  the  iuventiou  of  the  steam  engine  with  the 
following  anecdote:  —  One  day,  during  his  Imprisonment, 
Lord  Worcester  obser\'cd  the  lid  of  the  pot  in  which  his 
dinner  was  being  cooked,  suddenly  forced  upwards  by  the 
vapour  of  the  water  which  was  boiling  in  it.  Reflecting  on 
this,  it  occurred  to  him  that  the  same  force  which  raised  the 
cover  of  the  pot  might  be  rendered,  when  properly-  applied,  a 
uaeful  and  convenient  moving  power.  After  ho  recovered 
bis  liberty,  he  accordingly  proceeded  to  carry  into  effect  this 
conception.  The  contrivance  to  which  he  was  ulcimaiely  led 
is  described  in  the  following  terms  in  the  sixty-eighth  inven- 
tion, in  the  work  above  named  :  — 

"  I  have  invented  an  admirable  and  forcible  way  to  drive 
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Up  water  by  Are;  not  by  drawing  or  eucking  it  upwards,  for 
that  must  be,  a«  the.  philosopher  terms  it,  infra  xpfuerum 
aciivitatUt  wliicb  is  but  at  such  a  distance.  But,  this  wty 
hath  no  bounder  if  the  vessels  be  strong  enough.  For  I  bare 
taken  a  piece  of  whole  cannon  whereof  the  end  was  burst, 
and  filled  it  three  quarters  full  of  water,  slopping  and  screw- 
ing up  tlie  broken  end,  as  also  the  touch>hole,  and  making  a 
constant  fire  under  it ;  within  twenty-four  hours,  it  burst 
and  mode  a  great  crack.  So  that,  ha\ing  a  way  to  make  my 
Teasels  so  that  they  are  strengthened  by  the  force  within 
them,  and  the  one  to  fill  after  the  other,  ]  have  seen  the 
water  run  like  a  constant  fountain  stream  forty  feet  high. 
One  vessel  of  water  rarefied  by  fire  dnvcth  up  forty  of  cold^ 
water,  and  a  man  titat  tends  the  work  has  but  to  turn  two 
cocks;  that  one  vessel  of  water  being  consumed,  another 
begins  to  force  and  refill  with  cold  water,  and  so  sticcessively ; 
the  fire  being  tended  and  kept  constant,  which  the  self-«une 
person  may  likewise  abundantly  perform  in  the  interim  be- 
tween the  necessity  of  turning  the  said  cocks." 

Since  the  date  of  the  publication  of  the  '^  Century  of  In- 
ventions" was  the  year  1663,  the  experiments  here  mentioned 
must  have  been  made  before  that  year.  The  description  of 
the  machine  here  given,  as  well  as  others  in  the  same  work, 
was  intended  by  the  author,  not  to  convey  a  knowledge  of  th* , 
nature  of  the  mechanism  which  he  used,  but  only  to  expi 
the  effects  produced,  and  to  indicate  tlie  physical  principle  on 
rhich  they  depended.  It  should  also  l>e  obsened,  that  an 
of  mystery  was  thrown  by  Worcester  over  the  accounts  of 
all  the  machines  which  he  described ;  and  therefore  any  obscur- 
ity in  the  above  description  ought  not  to  be  regarded  as  an 
evidence  against  his  claim  to  the  discovery  of  the  mechanical 
agency  of  steam,  so  far  as  that  agency  is  indicated  by  the 
effects  said  by  him  to  be  produced.  The  above  account  ts, 
however,  sufficiently  distinct  and  explicit  to  enable  any  one 
possessing  a  knowledge  of  the  mechanical  qualities  of  steam 
to  perceive  the  general  nature  of  the  machine  described.  To 
render  this  machine,  and  that  of  De  Cans,  previously  described, 
intelligible  to  those  who  are  not  familiar  with  physical  science, 
we  must  here  explain  some  general  principles  on  which  their 
agency  depends. 
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8.)  Flnkl  bodies  are  of  two  kiiid>»  om^ 
quids,  and  cluiic  fluids  «*  guei-  Of  the 
clmea,  water  i«  the  most  *■— *''rT  rriMpIr,  i 
air. 

These  two  spedn  of  fluidi  are  eac 
liar  mechanical  propcrtiea. 

( 0.)  The  constitQeDt  partidea  of  a  Hqnid  aic 
from  those  of  solids  b)r  faaring^  little  or  no  cohqettce ;  so  tlMi 
unless  the  mass  be  confined  by  the  nies  a£  ihe  Ttad  wUek 
contains  it,  the  particles  will  USX  asuBder  hj  didr  grarity.  A 
mass  of  liquid,  therefore,  unlike  a  solid,  can  nerer  tetain  ai^ 
particular  fnrm,  hut  will  aocommodate  itself  to  the  fim  of 
tiic  vessel  in  which  it  is  placed.  It  will  press  agaxaatthe  bsA- 
tom  of  the  Tesael  which  contains  it  with  the  whole  force  of 
its  weight,  and  it  will  press  sgaiBst  the  sidea  with  a  fiirce  pn> 
portiotial  to  the  depth  of  the  particles  to  motact  with  the 
sides  measured  from  the  surfiux  of  the  Hquid  abore.  This 
lateral  pressure  also  distinguishes  liquids  from  solidly  Let 
us  take  for  iUuslntioD  the  case  of  a 
sqnare  or  a  cubical  Tessel,  a  s  c  d. 
Jiff.  3.  If  a  solid  body,  such  as  a 
piece  of  lead,  be  cut  to  the  shape  of 
this  vessel,  so  as  to  fit  in  ii  without 
pressing  with  any  force  against  its 
sides,  the  mechanical  effect  which 
would  be  produced  by  it  when  placed 
in  the  vessel,  would  be  merely  a  pressure  upon  the  bottom, 
B  c,  the  amount  of  which  would  be  equal  to  the  weight  of  the 
metallic  moss.  No  pressure  would  be  exerted  against  the 
udes ;  for  the  coherence  of  the  particles  of  the  solid  main- 
taining them  in  their  position,  the  removal  of  the  sides  would 
not  subject  the  solid  body  conuined  in  the  vessel  to  any 
change. 

Now  let  us  suppose  this  solid  mass  of  lead  to  be  rendered 
liquid  by  being  melted.  The  constituent  particles  will  then 
be  deprived  of  that  cohesion  by  which  they  were  held  toge- 
ther ;  they  will  accordingly  have  a  tt.-udency  to  separate,  and 
fail  asunder  by  their  gravity,  and  will  only  be  prevented  from 
actually  doing  so  by  the  support  atTurdcd  to  them  by  tlie  sides. 
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A  B,  DC,  of  the  veuel.  They  will  therefore  produce 
sure  agftinst  the  sides,  which  was  not  produced  by  tbe  lead 
in  its  solid  state.  This  pressure  will  vary  at  diiTcrcnt  depths ; 
thus  a  part  of  the  side  of  the  Tessel  at  p  will  receive  a  pre^ 
sure  proportiDiiol  tu  the  depth  of  the  point  P  below  the  sui^ 
face  of  the  lead.  If,  for  example,  we  take  a  square  inch  of 
the  inner  sur&cc  of  the  side  of  the  vessel  at  r,  it  will  sustain 
an  outward  pressure  equal  to  the  weight  of  a  column  of  lead 
having  a  square  inch  for  its  base,  and  a  height  equal  to  P  a. 
And,  in  like  manner,  ererv  square  inch  of  the  sides  of  the 
vessel  will  sustain  an  outward  pressure  equal  to  the  weight  of 
a  columu  of  lead  having  a  square  inch  for  its  base,  and  a 
height  equal  to  Uie  depth  of  the  point  below  the  surface  of 
the  lead. 

(  10.)  We  have  here  proceeded  upon  the  supposition  tliat 
no  force  acts  on  tbe  upper  surface  a  D  of  the  Icrad.  If  any 
force  presses  a  d  downwards,  that  force  would  be  transferred 
to  the  bottom  by  the  lead,  and  would  produce  a  pressure  on 
the  bottom  B  c  equal  to  its  own  amount  in  addition  to  the 
weight  of  the  lead ;  and  if  the  lead  were  solid,  this  would  bo 
the  only  additional  mechanical  effect  which  such  a  force  act- 
ing on  tlic  surface  a  d  of  the  lead  would  produce.  But  if,  on 
tbe  other  hand,  the  lead  were  liquified,  then  the  force  now  ad- 
verted to,  acting  on  the  surface  a  d,  would  not  ouly  produce 
a  pressure  on  the  bottom  b  c,  equal  to  its  own  amount  in  ad- 
dition to  the  weight  of  the  lead,  but  it  would  also  produce  a 
pressure  against  every  part  of  the  sides  of  the  vessel,  equal  to 
that  which  it  would  produce  upon  an  equal  magnitude  of  the 
surface  a  d. 

Thus  if  we  suppose  any  mechanical  cause  producing  a  pi 
sure  on  the  surface  a  d  amounting  to  ten  pounds  on 
8({uare  inch,  the  effect  which  would  be  produced,  if  tlie  lead 
were  solid,  would  be  an  additional  pressure  on  the  base  b  c 
amounting  to  ten  pounds  per  square  inch.  But  if  the  lead 
were  liquid,  besides  this  pressure  on  each  square  inch  of  the 
base  B  c,  tlicre  would  likewrisc  l>e  a  pressure  of  ten  pounds  on 
every  square  inch  of  the  sides  of  the  vessel. 

All  that  has  been  here  staled  with  respect  to  a  square  or 
a  cubical  vessel  will  bo  equally  applicable  to  a  vessel  of  any 
other  form. 
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(1 1.)  The  second  class  of  fluids  are  distinguished  from  U< 
quids  by  the  particles  nut  merely  being  destitute  of  cohesion, 
but  haring  a  tendency  directly  the  reverse,  to  repel  each  other, 
ftnd  fly  asunder  with  more  or  less  force.  Thus  if  a  vessel,  such 
u  that  represented  in  ^g.  3.,  were  filled  with  a  fluid  of  this 
kind,  being  open  at  the  top,  and  not  being  restrained  by  any 
pressure  incumbent  upon  it,  the  particles  of  the  fluid  would 
not  rest  in  the  vessel  by  their  gravity,  as  those  of  the  liquid 
vpu]d  do;  but  they  would,  by  their  mutual  repulsion,  fly  asun- 
der, and  rise  out  of  the  vessel,  as  smoke  is  seen  to  rise  from  a 
chimney,  or  steam  from  the  spout  of  a  kettle.  Let  us  sup- 
pose, then,  that  the  vessel  in  which  an  elastic  fluid  is  con- 
tained is  closed  on  every  side  by  solid  surfaces.  In  fact,  let 
us  imagine  tliat  the  square  or  cubical  vessel  represented  in 
^ff,  3.  is  closed  by  a  square  lid  at  the  top  a  d,  having  con- 
tained in  it  an  elastic  fluid,  such  as  atmospheric  air. 

If  such  a  cover,  or  lid,  bad  been  placed  upon  a  liquid,  the 
cover  would  sustain  no  pressure  from  the  fluid,  nor  would  any 
mechanical  eflfect  be  produced,  save  those  already  described 
in  the  case  of  the  open  vessel ;  but  when  the  fluid  contained 
in  the  vessel  is  elastic,  as  is  the  case  with  air,  then  the  elas- 
ticity (by  which  name  is  expressed  the  tendency  of  the  par- 
ticles of  the  fluid  to  fly  asunder)  will  produce  peculiar  mecha- 
nical eflects,  which  have  no  existence  whatever  in  the  case  of 
a  liquid. 

It  is  true  that,  supposing  the  fluid  to  be  air  or  any  other 
gas  or  vapour,  a  pressure  will  be  produced  upon  the  bottom 
B  c  of  the  vessel  equivalent  to  the  weight  of  such  fluid,  and 
lateral  pressures  will  be  produced  on  the  different  points  of 
the  sides  by  the  weight  of  that  part  of  the  fluid  which  is  above 
the»e  points ;  but  gases  and  vapours  arc  bodies  of  such  ex- 
treme levity,  that  these  eflects  due  to  their  weight  are  neg- 
lected in  practice. 

Putting,  then,  the  weight  of  the  air  contained  in  the  ves- 
sel out  of  the  question,  let  us  consider  the  effect  of  its  elas- 
ticity. If  the  vessel,  as  already  described,  bo  supposed  to 
contain  atmospheric  air  in  its  ordinary  state,  the  tendency  of 
the  constituent  particles  to  fly  asunder  will  be  such  as  to  pro- 
duce on  every  square  inch  of  the  inner  surface  of  the  vessel 
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a  pressure  amounting  to  fifteen  pounds  ;  this  pressure  being, 
as  already  stated,  quite  independent  of  the  weight  of  the  air. 
In  fact,  this  pressure  wouJd  continue  to  exist  if  the  air  cod- 
taincd  in  the  vessel  actually  ceased  to  have  weight  by  being 
removed  from  the  neighbourhood  of  the  earth,  which  is  the 
cause  of  its  gravity. 

(13.)  Different  gases  are  endowed  with  different  degrees  of 
elasticity,  and  the  same  gas  may  have  its  elasticity  increased 
or  diminished,  cither  by  varying  the  space  within  which  it  is 
confined,  or  by  altering  the  temperature  to  which  it  is  ex- 
posed. 

If  the  space  within  which  an  clastic  fluid  is  endoeed  be  en- 
larged, its  elasticity  is  found  to  diminish  in  the  eame  pro- 
portion. Thus  if  the  air  contained  in  the  vessel  a  b  c  d 
{fig,  3.)  be  allowed  to  pass  into  a  vessel  of  twice  the  magni- 
tude,  the  elasticity  of  the  particles  will  cauitc  them  to  rej 
each  other,  so  that  the  same  quantity  of  air  shall  diffuse  itself 
throughout  the  larger  vessel,  assuming  double  its  former  bulk. 
Under  such  circumstances,  tlic  pressure  which  it  would  exert 
upon  the  sides  of  the  larger  vessel  would  be  only  half  that 
which  it  had  exerted  un  the  sides  of  the  smaller  vessel.  If, 
on  the  other  hand,  it  were  forced  into  a  vessel  of  half  the 
nugtiitudc  of  A  B  c  D,  aa  it  might  be,  then  its  elasticity  would 
be  double,  and  it  would  press  on  the  inner  surface  of  that 
Teasel  with  twice  the  force  with  which  it  pressed  ou  thai  of 
the  vessel  a  b  c  D. 

This  power  of  swelling  and  contracting  its  dimensions  ac- 
cording to  the  dimensions  of  the  vessel  in  which  it  is  con- 
fined, or  to  the  force  compressing  it,  is  a  quality  which  resulU 
immediately  from  elasticity,  and  is  consequently  one  which  ia 
peculiar  to  the  gases  or  clastic  fluids,  and  does  not  at  all  ap- 
pertain to  liquids.  If  the  liquid  contained  in  the  vessel  a  d  c  D 
were  transferred  to  a  vessel  of  twice  the  magnitude,  it  would 
only  occupy  half  the  capacity  of  that  vessel,  and  it  could  not 
by  any  means  be  transferred,  as  we  have  supposed  the  air  or 
gas  to  be,  to  a  vessel  of  half  the  dimensions,  since  it  is 
elastic  and  incompressible. 

(13.)  The  elasticity  of  gases  is  likewise  varied  by  varying 
the  temperature  to  which  they  are  exposed ;  thus,  in  general. 
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if  air  or  anj  other  gas  be  Augmented  in  temperature,  it  will 
likewrise  be  iacrcascd  in  elasticity ;  and  iA  on  the  otiicr  hand, 
it  be  diminished  in  temperature,  it  will  be  likewise  diminished 
in  its  clastic  force.  The  more  heated,  therefore,  any  air  or 
[gas  confined  In  a  vessel  becomes,  the  greater  will  be  the 
with  which  it  will  press  on  the  inner  surface  of  that 
d,  and  tend  to  burst  iL 

(14.)  The  same  body  may,  by  the  agency  of  heat,  be  made 
to  pau  successively  through  the  dlQcrent  states  of  solid,  liquid, 
and  gas,  or  vapour.  The  most  familiar  and  obvious  example 
of  these  successive  transitions  is  presented  by  water.  Kx- 
posed  to  a  certain  temperature,  water  can  only  exist  as  a 
solid ;  as  the  tem[)erature  is  increased,  the  ice,  or  solid  water, 
is  liquefied  ;  and  by  the  continued  application  of  heat,  this 
water  again  undergoes  a  chanfje,  and  assumes  the  form,  and 
acquires  the  mcchauical  qualities,  of  air  or  gas:  In  such  a 
state  it  is  called  steam. 

This  is  a  common  property  of  all  liquids.  If  they  be  ex- 
posed for  a  sufficient  length  of  time  to  a  sufficient  degree  of 
heat,  they  will  always  be  converted  into  elastic  fluids.  These 
are  usually  distinguished  from  air  and  other  pennameut  gases, 
which  never  are  known  to  exist  in  the  liquid  form,  by  the 
term  vapour,  by  which,  therefore,  must  be  understood  an  elas- 
tic fluid  which  at  common  temperatures  exists  in  the  Liquid  or 
solid  state  ;  by  steam  is  expressed  the  vapour  of  water ;  and  by 
ffate$,  those  elastic  fluids  wliich  like  air  are  never  known  — 
at  least,  under  ordinary  circumstances  —  to  exist  in  any  other 
but  the  elastic  form. 

(15.)  When  a  liquid  is  caused,  by  the  application  of  heat,  to 
take  the  form  of  an  elastic  fluid,  or  is  evaporated,  besides 
acquiring  the  property  of  elasticity,  it  always  undergoes  a 
considerable  change  of  bulk.  The  amount  of  this  change  is 
different  with  different  liquids,  and  even  with  the  same  liquid 
It  varies  with  the  circumstances  under  which  the  change  is 
produced. 

(16.)  When  water  ia  evaporated  under  ordinary  circum- 
stances,—that  is,  when  exposed  to  no  other  external  pressure 
than  that  of  the  atmosphere,  —  it  increases  its  volume  about 
seventcen-hundrcd-fold.        Thus    u    cubic    inch    of    liquid 
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water  would  form  alwtit  seventeen  hundred  cubic  inchtt 
cununon  steam.  1ft  however,  the  water  be  contined  b^  a 
greater  prcAsure  titan  tliat  produced  by  the  common  atmo* 
sphere,  then  the  increase  of  volume  whieh  takes  place  in  iU 
evaporation  would  be  less  in  proportion. 

These  important  physical  circumstances  are  now  only  in- 
dicated in  a  general  way.  As  we  proceed  with  our  account 
of  the  invention  and  improvement  of  the  steam  engine,  tfaej 
will  bo  developed  more  fully  and  accurately. 

(17.)  After  duly  considering  what  has  been  just  ex- 
plained, no  dilHculty  will  be  found  in  comprehending  the 
principles  on  which  the  first  rude  attempts  at  the  mechanical 
application  of  steam  already  stated  depend.  In  the  apparatus 
ascribed  to  Hero  of  Alexandria,  the  elasticity  of  the  vapour 
contained  in  the  anns  of  the  revol\-ing  ball  causes  that  vapour 
to  issue  from  tlie  lateral  orifices  in  the  arms,  such  as  that  of 
o,  jig.  \.  As  tbesib  orifices,  however,  are  exposed  to  the 
cuaimon  atmosphere  pressing  inwards  witlt  a  force,  the  mean 
amount  of  wliich  has  been  stated  to  be  about  fifteen  pounds 
per  square  inch,  it  follows  that  the  steam  cannot  escape  fh>m 
these  orifices  until  its  pressure  or  elasticity  exceeds  thia 
amount,  and  that  when  It  does,  the  force  with  which  it  will 
so  escape  will  be  the  excess  of  its  elasticity  above  that  of  the 
atmosphere ;  and  it  is  the  reaction  produced  by  this  differ- 
ence of  pressure,  causing  the  arms  to  recoil,  which  will  give 
motion  to  the  machine. 

In  the  case  of  the  apparatus  of  De  Caut  (5.),  the  heat  of 
the  fire  acting  on  the  vessel  d  c  {Jig.  2.)  will  raise  the  tem- 
perature of  the  water  contained  in  it,  and  also  of  the  air 
confined  within  it  above  the  surface  of  that  water.  This  air, 
as  it  is  increased  in  temperature,  will  also  increase  in  elas- 
ticity ;  it  will  therefore  press  on  llie  surface  of  the  water 
with  increased  force,  and  will  gradually  force  the  water  up- 
wards in  the  tube ;  and  this  effect  would  continito  until  all 
tlie  water  in  the  vessel  would  be  forced  up  the  tube. 

But  at  the  same  time  that  the  heat  acting  on  the  veatel^j 
increases  the  temperature  of  the  air  above  the  water,  it  also 
produces  a  partial  evaporation  of  the  water,  so  that  more  or 
lesi  iteam  is  mixed  with  the  air  in  the  vessel  above  the  sur- 


MARQUIS    OF    WOnCRSTCR'S    ENGlN£. 


31 


face  of  the  water ;  and  this  steam  possessing  elasticity,  unites 
with  the  air  in  prcssuQg  ou  the  surface  of  the  water,  and  in 
raising  it  in  the  tube. 

Let  us  now  revert  to  the  brief  account  of  the  engine  of  tlie 
Marquis  of  Worcester,  described  in  **  The  Century  of  In* 
yentions."  We  collect  from  that  description  that  the  vessel 
in  which  the  water  was  evaporated  was  separate  irom  those 
which  contained  the  water  to  be  elevated ;  also  that  there 
were  two  vessels  of  the  like  description,  tlie  contents  of  which 
were  alternately  elevated  hy  the  pressure  of  the  "  water 
rarefied  by  the  fire ;  "  in  other  words  by  steam  ;  and  that  the 
water  was  raised  in  an  uuintcrrupted  stream,  hy  the  manage- 
ment of  two  cocks  communicating  with  these  vessels  and  with 
the  boiler.  The  following  is  such  an  apparatus  as  would 
I  I  answer  this  descrip- 

I  [r        Fi?.-*-  tion.  Let  E  (f^,  4.) 

_}  \.  _  be  the  vessel   con- 

taining the  water 
to  be  evaporated, 
placed  over  a  proper 
furnace  a  ;  let  s  be 
a  pipe  to  allow  the 
steam  produced  from 
the  boiling  water  in 
E  to  pass  into  the 
vessels  where  its 
mechanical  action 
is  required.  Let  R 
represent  a  cock  or 
regulator,  having  in 
it  a  curved  passage, 
leading  from  s  to  the  tube  t,  when  the  lever  or  handle  l  is 
in  the  position  represented  by  the  cut ;  but  leading  to  the 
lube  t',  when  the  lever  L  is  turned  one  quarter  of  a  revo- 
lution to  the  right,  as  represented  in  ^ff.  5.  By  the  shift- 
ing of  tliia  lever,  therefore,  the  steam  pipe  s  may  be  made  to 
commtmicate  alternately  with  the  tubes  T  and  T'.  The  tubes 
T  aud  T'  are  carried  respectively  to  two  vessels  v  and  v',  which 
are  filled  with  the  water  required  to  be  raised.     In  theee 


^ 


ss 


THR    ST£AU    EKCilKL-. 


TBiaels  tubes  enter  at  c  and  c',  descending  nearly  to  the  bot- 
tom :  tbese  tubes  Iiave  valves  at  b  and  b',  opening  upwards, 
hy  which  water  will  be  allowed  to  pass  into  the  vertical  tube 
F^  but  which  will  not  allow  it  to  return  downwards,  the  valves 
a  and  u'  being  then  closed  hy  the  weight  of  the  water  above 
tbem. 

Let  G  o'  be  a  pipe  entering  the  sides  of  tlie  vessels  v  and  v', 
for  the  purpose  of  6lling  them  with  the  water  to  be  raised : 
let  K  be  a  cock  having  a  curved  passage  similar  to  the  cock  r, 
and  leading  to  a  tube  hy  which  water  is  supplied  from  the 
reservoir  or  other  source  from  which  the  water  to  be  raised  is 
drawn.  When  the  cock  k  is  placed  as  represented  in^i/.  4., 
the  water  from  the  reservoir  will  flow  through  the  cun'cd 
passage  in  the  cock  K  into  the  tube  o',  and  thence  into  the 
vessel  v' ;  but  when  this  cock  is  turned  one  quarter  round, 
by  shifting  tho  lever  to  the  left,  it  will  take  the  position 
represented  in  ^ff.G.,  and  the  water  will  flow  through  the 
curved  |>assage  into  the  tube  o,  and  thence  into  the  vessel  v. 
Let  us  now  suppose  the  vessel  v  already  filled  with  water  to 
be  elevated,  and  the  vt^ssel  v'  to  have  discharged  its  contents. 
The  cock  R  is  turned,  so  as  to  allow  the  steam  generated  in 
the  boiler  e  to  pass  into  the  tube  t,  and  thence  into  the 
upper  part  of  the  vessel  v,  while  the  cock  K  is  turned  so  as  to 
allow  the  water  from  the  reser%'oir  to  pass  into  the  tube  </, 
and  thence  into  the  vessel  V.  The  steam  collecting  in  the 
upper  part  of  the  vessel  v'  presses  witli  its  elastic  force  on  the 
surface  of  the  water  therein,  and  forces  the  water  upwards  iaj 
the  tube  c;  it  passes  through  the  valve  b,  which  it  opens  bj 
the  upward  pressure  received  from  the  action  of  the  steantj 
and  thence  into  the  tube  p,  its  descent  into  the  tube  c'  beii 
prevented  by  the  valve  v',  which  can  only  be  opened  upwards* 
As  the  steam  i«  gradually  supplied  from  the  boiler  e,  the 
water  in  the  vessel  v  is  forced  up  the  tube  c,  through  the 
valve  0,  and  into  the  tube  p,  until  all  the  contents  of  the 
vessel  V  above  the  lower  end  of  the  tube  c  have  been  raised. 
In  the  meanwhile,  the  vessel  \'  haa  been  filled  with  water, 
through  the  cock  k:  when  this  has  been  accomplished,  tho 
man  who  attends  the  macliinc  shifts  the  cocks  u  and  a,  so  as 
to  give  them  the  position  represented  in  Jig,  5,  ond  ^.  0. 
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In  this  posidou,  the  iteam  from  die  bailer,  has^  rrrht^r^ 
from  the  tube  t,  wiU  be  oondocted  to  tbe  tube  t*.  umS  tbeaee 


nr  < 


to     tfe     VBI 

widfe  the 
from  die 
win  be 
from  oie  tnim'yaBA 
cooBBeted  tkrofl^ 
th£  tnbe  s  to  Ae 
ressel  t.  IV  ves- 
ael  T  win  tkos  be 
iTplfaheo  nn^  B^ 
a  proeea  omihr  to 
diat  alimdj  de- 
■cdbed,  the  «a»- 
tcnt>  of  the  remd 
V   wiQ    be   fisreed 


op 


the     tube    tf. 


tfaraogh  the  Talre 
b',  and  mto  the  tube  r ;  its  deaoent  into  the  tube  c  beiog: 
prerented  hj  the  ralre  b,  which  wiQ  then  be  doaed. 
After  the  conteats  of  the  rcaael  t'  hare  tfauf  been  niaed, 
and  the  ressel  v  replenished,  the  two  eocki  t  and  c  are 
ODce  more  shifted,  and  the  contents  of  v  railed  wfaSe  V  k 
repleniabed,  and  so  on. 

Iff  having  comptehended  the  apparatoi  here  described,  the 
reader  refers  to  the  description  of  the  Mart[aia  of  Woicealer'a 
maehine,  ho  will  find  that  all  the  conditioiif  tbernn  laid  down 
are  fulfilled  by  il.  One  Tcwel  (e)  of  "  waterimwfied  by  Sre" 
may  by  such  meanj  "  drive  up  forty  (or  more)  of  otti  water; 
and  the  man  that  tends  the  work  haa  but  to  turn  two  cocka, 
that  one  vessel  (v)  t^  water  being  ounsumed,  another  (vQ 
begins  to  force  and  refill  with  cold  water,  and  ao  on  mccesa- 
ively,  the  fire  being  tended  and  kept  coartant ;  which  the 
self-same  person  may  likewise  abundantly  perform,  in  the 
interim  between  the  necessity  of  turning  the  said  cocks.** 

On  comparing  this  with  the  contrivance  previously  sug- 
getU'd  by  De  Caus,  it  will  be  observed,  that  even  if  De  Caus 
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knew  the  physical  agent  by  which  the  water  v&s  driven  up- 
wards in  the  apparatus  described  by  liim,  sliU  it  was  only  a 
method  of  causing  a  vessel  of  boiling  water  to  empty  itself; 
and  before  a  repetition  of  the  process  could  be  made,  the 
vessel  should  be  refilled,  and  again  boiled.  In  the  con- 
trivance of  Lord  Worcester,  on  the  other  hand,  the  agency 
of  the  steam  was  employed  in  the  same  mxmner  aa  it  is  in  the 
itettm  engines  of  the  present  day,  being  generated  in  one 
vessel,  and  used  for  mechanicjil  purposes  in  another.  Nor 
must  this  distinction  be  regarded  as  trifling  or  insignificant, 
because  on  it  depends  the  whole  practicability  of  using  steam 
as  a  mechanical  agent.  Had  its  action  been  confined  to  the 
vessel  in  which  it  was  produced,  it  never  could  liavu  been 
employed  for  any  useful  purpose. 

Although  many  of  the  projects  contained  in  Ty>rd  Worces- 
ter's work  were  in  the  highest  degree  extravagant  and  absurd, 
yet  the  engine  above  described  is  far  from  being  the  only 
practicable  and  useful  invention  proposed  in  it.  On  tlie  con- 
trarj',  many  of  his  inventions  have  been  reproduced,  and  some 
brought  into  general  use  since  his  time.  Among  these  may 
be  mentioned,  stenography,  telegraphs,  floating  baths,  speaki 
ing  statues,  carriages  from  wliich  horses  con  be  disengaged 
unruly,  combination  locks,  secret  escutcheons  for  locks,  candle 
moulds,  the  rasping  mill,  tlie  gravel  engine,  &c. 


Sni  SAMtrsL  MoRLAND,  1683. 

(18.)  Sir  Samuel  Morland  was  tlic  son  of  a  baronet  of  tha 
same  name,  who  had  received  his  title  at  the  restoration  for 
some  services  to  the  royalist  part)*,  performed  by  him  durin|f 
the  wars  of  the  Commonweal  tli.  Uc  appears  to  Imve  devoted 
much  attention  to  mechanics,  in  which  he  attained  some 
celebrity.  He  was  the  reputed  inventor  of  several  ingenious 
contrivances,  such  as  the  flrum  capstan  for  ships,  the  plunger 
pump,  &c.  He  also  investigated  various  questions  in  acoustica, 
and  among  others,  the  determination  of  tlte  best  form  for  the 
speaking-trumpet. 

In    1680,   Sir   Samuel    Morland   was    appointed    Master 
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of  the  Works  to  Charles  II.,  and  in  the  following  year  was 
sent  to  France,  to  execute  some  waterworks  for  Louis  XIV. 
In  1683,  while  in  France,  he  wrote  in  the  French  langua^^, 
a  work  entitled  "  Eletiation  rf«  Eaux  par  touie  sorte  de  Ma- 
chines^  redutte  d  la  Mesurct  au  Poidt  et  d  la  Balance,  Pre- 
MtnUe  a  sa  Majeste  trh  Chresti^nne,  par  le  Cheralier  Morland, 
Gentilhomnie  Ordinaire  de  la  Ckambre  Privee,  et  Matttre  de* 
Mecham^ueM  du  Ro%  de  la  Grande  Bretagne,  1683."  This 
book  is  preserved  iu  manuscript  in  the  Harleian  Collection  in 
the  British  Museum.  It  is  written  on  veHutn;  and  consists 
of  only  thirty-eight  pages.  It  contains  tables  of  measures 
and  weights,  theorems  for  the  CJilciilation  of  the  volumes  of 
cylinders,  the  weights  of  columns  of  water,  tlie  thickness 
of  lead  for  pipes,  and  is  concluded  by  a  chapter  on  steam, 
conaisting  of  four  pages,  of  which  the  following  is  a  trans- 
lation :  — 

"  The  principles  of  the  new  force  of  fire  invented  by  Che- 
valier Morland  in  1682,  and  presented  to  Ili-s  Most  Christian' 
Majesty  in  1683:  — 

"  *  Water  being  converted  into  vapour  by  the  force  of 
fire,  these  vapours  shortly  require  a  greater  space  (about 
SOOO  times)  than  the  water  before  occupied,  and  sooner 
than  be  constantly  confined  wouJd  split  a  piece  of  cannon. 
But  being  duly  regulated  according  to  the  rules  of  statics, 
and  by  science  reduced  to  measure,  weight,  and  balance, 
then  they  bear  tlieir  load  peaceably  (like  good  horses), 
and  thus  become  of  great  use  to  maidund,  particularly  for 
raising  water,  according  to  the  following  table,  which  shows 
the  number  of  pounds  tliat  may  be  raised  1800  times  per 
hour  to  a  height  of  six  inches  by  cylinders  half  filled  with 
vater,  as  well  as  the  different  diameters  and  depths  of  the 
said  cvlinders.' " 

TTiere  is  nothing  in  the  description  here  given  which  can 
indicate  the  fonn  of  the  machine  by  which  Morland  proposed 
to  render  the  force  of  steam  ji  useful  mover.  It  is,  however, 
lemarkable,  that  at  this  var\y  period,  before  experiments  had 
been  made  on  the  expansion  which  water  undergoes  in  eva- 
poration, he  should  have  given  so  near  an  approximation  to 
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the  actual  amount  of  that  cxpansioiu     It  is  scarcelj 

able  that  such  an  estimate  could  be  obtained  by  hJra  othorwiM 

than  by  experiment. 

The  work  containing  the  above  dp«cription  waa  not  printed ; 
but  a  work  bearing  nearly  the  same  tilLcf  containing,  however, 
no  mention  of  the  force  of  steam,  was  pubhshcd  by  him  in 
Paris  in  the  year  1685.  In  ttiis  he  describes  various  exp<s- 
rimcnts  made  by  him  at  St.  Germains  on  the  weight  of  the 
water  of  the  Seine,  and  gives  weights  of  the  columns  of  water, 
the  contents  of  cylinders,  &c. 

Soon  after  the  publication  of  this  work,  Morland  returned 
to  England,  and  resided  near  the  court  till  his  death.  The 
celebrated  John  Evelyn  mentioned  having  paid  a  visit  to  him 
at  his  house  at  Hammersmith,  in  1695,  when  he  had  become 
ttged  and  blind,  but  was  still  remarkable  for  his  mechanical 
ingenuity.  *•  On  the  25th  of  October,**  says  Evelyn,  *'  the 
Archbishop  and  myself  went  to  Hammersmith  to  visit  Sir 
Samuel  Morland,  who  was  entirely  blind ;  a  very  raortif^-ing 
sight.  He  showed  us  his  invention  of  writing  (short-hand), 
which  was  very  ingenious  ;  also  his  wooden  kalendar,  whicli 
instructed  him  all  by  feeling ;  and  other  prutty  and  useful 
inventions  of  mills,  pumps,  8cc. ;  and  the  pump  he  had 
erected,  that  sorvea  water  to  his  garden  and  to  passengers, 
with  an  inscription,  and  brings  from  a  illthy  part  of  the 
Thames  near  it  n  most  perfect  and  pure  water."  • 

He  died  at  Hammersmith,  in  January  1696;  and  before 
his  death,  as  a  penance  for  his  past  Hfe,  was  guilty  of  the  ec- 
centricity of  burying  in  the  ground  six  feet  deep  a  great  col- 
lection of  music  which  he  posscssed.f 

Denis  Papin,  1688. 

(19.)  Denis  Papin,  a  native  of  Blois  in  France,  and  pro-1 
feasor  of  tuatlicniatlcs  at  Morbourg,  is  the  name  which  stands 
next  recorded  in  the  progressive  invention  of  the  steam  en- 
gine. To  this  philosopher  i^  due  the  discovery  of  one  of  the 
qualities  of  steam,  t<)  the  proiwr  management  of  which  is 
owing  much  of  Lliu  efficacy  of  the  modern  steam  engine. 

*  Fwrey,  TrootiH!  on  the  Steam  Engine,  p.  03. 

"t"  Ango,  sur  let  Macbiae«  a  Vopcur,  Antituiirc,  I8VV,  p.  106 
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Papin  WBa  bom  nt  Blois  in  France,  He  devoted  his 
jontb  to  the  study  ut'  inedicmo,  in  which  he  took  a  degree  at 
Paris.  Tbe  revocation  of  tlio  Edict  of  Nantes  having  driven 
him  into  exile,  ho  went  to  Kugland,  where  the  celebrated 
Boyle  associated  him  in  several  of  his  experiments  with  the 
&ir-pump,  and  caused  bini  to  be  elected  a  fcLluw  of  the  KoyaL 
Society  in  IG81.  Having  been  invited  to  Gennany  by  the 
Landgrave  of  Hesse,  be  discharged  during  several  years  the 
duties  of  professor  of  mathematics  at  the  university  of  Mar- 
bourg,  where  he  died  in  1710.  Notwithstanding  liis  dis- 
Goveriea  respecting  the  agency  of  steam,  he  never  received 
any  mark  of  distinction  in  his  own  -country.  The  truth 
is,  the  importance  and  value  of  these  investigations  were 
not  apparent  until  long  afterwards. 

This  philosopher  conceived  the  idea  of  producing  a  moving 
power  by  means  of  a  piston  working  iu  a  cylinder,  in  the 
manner  which  we  shall  now  briefly  explain. 

Let  A  B  {Jig^  7.)  be  a  cylinder  open  at  the  top,  and  let  a 
piston  P  be  fitted  into  it,  so  as  to  move  in  it  air  tight.  At 
the  bottom  of  the  cylinder  suppose  an  opening  provided, 
which  can  be  dosed  at  pleasure,  by  a  stop-cock,  or  othenvise, 
8o  that  the  communication  may  be  opened  and  closed  at  will 
between  the  interior  of  the  cylinder  and  the  external  air. 
This  stop-cock  being  opened,  let  the  piston  be  drawn  up- 
wards till  it  reach  the  top  of  the  cylinder.  Let  the  stop-cock 
at  the  bottom  be  then  removed,  and  imagine  that  some  means 
rig.  7.  „  con  be  supplied  by  which  the  air  withia  the 

cylinder  can  be  suddenly  annihilated.  The 
piston,  now  at  the  top,  will  have  above  it  the 
pressure  of  the  atmosphere  ;  and  having  no 
air  below.  It  will  l>e  resisted  in  its  descent  by 
no  force  save  that  arisiug  from  its  friction  with 
the  cylinder.  If,  then,  the  force  of  the  air 
above  the  piston  be  greater  than  the  resist- 
ance arising  from,  this  friction,  the  pistuu  will 
descend  with  the  excess  of  this  force,  and 
will  continue  so  to  descend  until  it  reach  the 
bottom  of  the  cylinder.    Having  attained  that  position,  let  us 

D  8 


58 


THK   STRAM    ENOINK. 


suppose  tlie  stop-CDck  in  the  bottom  opened,  so  as  to  allow 
the  external  air  to  pass  freely  below  the  piston.  The  piston 
may  now  be  drawn  to  the  top  of  the  cylinder  again,  offering 
no  resistance  save  that  of  its  weight,  and  its  friction  with  the 
cylinder.  Ha\ing  reached  the  top  of  the  cylinder  once  more, 
let  the  »top-cock  be  closed,  and  tlie  air  included  within  the 
cylinder  once  more  amiiliilated.  A  second  descent  of  the 
piston  will  take  place,  with  the  same  force  as  before,  and  in 
like  maimer  the  process  may  be  continued  indefinitely. 

Now,  if  it  should  appear  that  means  could  be  provided  sud- 
denly and  repeatedly  to  amiiliilate  tlic  air  within  the  cylinder, 
and  that  the  pressure  of  the  atniosphere  above  the  piston 
should  exert  a  force  compared  with  which  the  weight  of  the 
piston  and  its  friction  are  trifling,  it  is  e\ident  that  a  moWng 
power  would  be  obtained  which  would  be  capable,  by  proper 
mechanism,  of  being  applied  to  any  useful  purpose,  but 
which  would  more  especially  be  applicable  to  the  working  of 
pumps,  the  motion  of  which  corresponds  with  that  which  haa 
been  just  ascribed  to  tlie  piston  in  the  cylinder.  Such  were 
the  first  ideas  of  Papin.  But  in  order  to  enable  those  who 
are  not  conversant  with  physical  science  fully  to  appreciate 
their  importance,  it  will  be  necessary  here  to  explain  some  of 
the  mechanical  properties  of  atmospheric  air. 

(SO.)  The  atmosphere  is  the  thin,  transparent,  colourlesa, 
and  therefore  invisible,  fluid  in  which  we  live  and  move, 
which  by  respiration  sustains  animal  life,  and  is  otherwise 
connected  with  various  important  functions  of  organised  mat- 
ter. This  fluid  is  so  light  and  attenuated,  that  it  might  at 
first  be  doubted  whether  it  be  really  a  body  at  all;  and,  in- 
deed, the  name  expressing  incorporeal  beings,  tpirit,  is  a  word 
in  its  origin  signifj-ijig  air.*  The  air,  however,  is  light  only 
as  compared  with  other  material  substances,  which  exist  in 
a  more  condensed  state :  it  possesses  the  quality  of  weight 
as  absolutely  as  the  most  solid  and  massive  bodies  in  nature, 
ejid  to  render  this  quality  manifest,  it  is  only  necessary  to 
submit  a  suiiicient  quantity  of  olr  to  any  of  the  usual  testa  of 
gravitation. 

*  SpiKiTUd,  brtath  or  air. 
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A  direct  demonstration  of  this  may  be  given  by  the  fol- 
imring  experiment : — On  the  mouth  of  a  flaak  let  a  stop- 
cock be  fastened  so  as  to  be  air-tight.  The  interior  of  the 
flask  may  then  be  put  into  firee  communication  [with  the  ex- 
tcnial  air,  or  that  communication  may  be  cut  ufT  at  plea- 
sure, by  opening  or  closing  the  stop-eock.  If  a  Bj-ringe  be 
sppLied  to  the  mouth  of  the  flask,  the  stop-cock  being  open 
a  part  of  Uie  air  contained  in  it  may  be  dravm  out.  After 
this,  the  stopcock  being  closed,  and  tlic  s^Tiugo  detached,  let 
the  flask  be  placed  in  tlie  dish  of  a  good  balance,  and  accu- 
rately counterpoised  by  weights  in  the  other  dish.  This 
counterpoise  will  then  represent  the  weight  of  the  flask^ 
and  of  the  air  which  has  remained  in  it.  If  the  stop-cock  bo 
now  opened,  air  will  immediately  rush  in,  and  replace  that 
which  tlie  syringe  had  withdrawn  from  the  flask  ;  and  imme- 
diately the  dish  of  tlie  balance  containing  the  flask  will  sink 
by  the  effect  of  the  weight  of  the  air  thus  admitted  into  the 
fiaak. 

If  the  weight  of  quantity  of  air  so  small  as  to  be  capable 
of  being  withdrawn  by  a  sj-ringe  from  an  ordinary  flask  be 
thus  of  sensible  amount.  It  may  be  easily  imagined  that  the 
?a»t  mass  of  atmosphere  extending  from  tlie  surface  of  tlie 
earth  upwards,  to  a  height  not  ascertained  with  precision,  but 
certainly  not  being  less  than  thirty  miles,  must  be  very  con- 
nderablc.  Such  a  force,  pressing  as  it  must  constantly  do, 
upon  the  surfaces  of  all  bodies,  whether  solid  or  fluid,  and 
resuting  and  modifying  their  movements,  would  play  an  im- 
portant part  in  all  mechanical  phenomena ;  and  it  is,  there- 
fore, not  suiBcient  merely  to  have  recognised  its  existence, 
but  it  is  roost  needful  to  measure  its  amount  with  that  de- 
gree of  certainly  and  precision,  which  will  enable  us  to  esti- 
uute  its  efiects  on  Uiosc  phenomena  wliich  we  shall  tiave  to 
investigate. 

(21.)  The  amount  of  the  pressure  of  the  atniosphere  on 
each  square  inch  of  horizontal  surface  on  which  it  rests,  is 
obviously  the  weight  of  tlie  column  of  air  extending  from  that 
square  inch  of  surface  upwards  to  the  top  of  the  atmosphere. 
Tjiw  force  is  measured  by  the  following  means  :  — 

Take  a  glass  tube,  a  b  {^ff.  S.),  above  32  inches  long,  open 
st  one  end  a,  and  closed  at  the  other  end   b,   and  let  it 
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/V«'  **''/>      ^  ^^  ^^**  mercury  (quicksilTcr). 

i*  1  r       Let  a  glass  veeaeX  or  cistern  c,  cantain- 

«  ing  a   quantity  of  mcrcuiy,    be   al*0 

provided.  Applying  the  finger  at  a,  ao 
aa  to  pruvcut  the  mercury  iu  the  tube 
from  falling  out,  let  the  tube  be  io- 
Tcrted,  and  the  end,  stopped  by  the 
finger,  plunged  into  the  mercury  in  c 
When  the  end  of  the  tube  is  below 
the  surface  of  the  mercury  inc  CA^.^90* 
let  tlio  finger  be  removed.  It  will  be 
ibund  that  the  mercury  in  the  tube 
will  not,  as  might  be  expected,  fall  to 
tlie  level  of  the  mercury  in  the  dstcm 
c,  which  it  would  do  were  the  end  b  open,  so  as  to  admit  the 
air  into  llic  upper  part  of  the  tube.  On  the  other  hand,  tha 
level  D  of  the  mercury  in  the  tube  will  be  nearly  90  iacliea 
above  the  level  c  of  the  mercury  in  the  cistern. 

The  cause  of  this  eflbct  is,  that  the  weight  of  the  atmo- 
sphere reets  on  the  surface  c  of  the  mercury  iu  the  cistemt 
and  tends  thereby  to  press  it  up,  or  rather  to  resist  its  fall  in 
the  tulx; ;  and  as  the  fall  is  not  assisted  by  the  weight  of  the 
atmospliere  on  tlie  surface  d  (since  b  is  closed),  it  follows, 
that  as  much  mercury  remains  suspended  in  tlic  tube  above 
the  level  c,  as  the  weight  of  the  atmosphere  is  able  to  support. 
If  the  section  of  the  tube  were  equal  to  the  magnitude 
of  a  square  inch,  the  weight  of  the  column  of  mercuiy  in 
the  lube  above  tlie  level  t:  would  be  exactly  equal  to  the 
weiglit  of  the  atmosphere  on  each  square  inch  of  the  surface  c. 
(3S.)  Jf  such  an  appjiratus  be  observed  from  time  to  time, 
it  will  be  found  ibat  the  column  of  mercury  sustained  in  the 
tube  will  be  subject  to  variation  botweca  certain  limits, 
never  falling  below  twenty-eight  inches,  and  nerer  rising 
above  tliirty-one  inches.  This  variation  of  the  mercurial  co- 
lumn is  produced  by  a  corresponding  variation  iu  the  weight 
of  the  atmosphere. 

If  the  apparatus  be  transported  to  any  height  above  its 
ordinary  position,  it  will  have  a  less  quantity  of  atmosphere 
ftbovo  it,  and  therefore  the  surface  of  the  mercury  in  the  cis- 
tern will  be  pressed  by  a  less  weight,  and  consequently  the 
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column  of  mercury  mil  &11  proportionally.  In  virtue  of  this 
effect,  such  an  instrument  has  been  rendered  a  means  of 
measuring  heights,  such  as  the  heights  of  mountains,  the  as- 
cents of  balloons^  &c.  &c. 

(S3.)  If  a  proper  scale  be  attached  to  the  tube  containing 
the  mercurial  column,  showing  the  absolute  height  of  the 
column  sustained  at  any  time,  and  indicating  its  changes  of 
height,  tb6  instnunent  becomes  a  Barometer. 

Two  cubic  inches  of  mercury  weigh  very  nearly  one  pound 
KToirdupois.*  Uencu,  wheu  the  barometric  column  mea- 
sures thirty  inches,  the  weight  of  the  atmosphere  resting  on 
each  square  inch  of  surface  is  about  fiAccu  pounds. 

(24.)  It  is  an  establislied  property  of  fluids,  that  they  press 
equally  in  all  directions  ;  and  air,  like  every  other  fluid,  par- 
ticipates in  this  quality.  Hence,  it  follows,  that  when  the 
downward  prf&surc  or  weight  of  the  atmosphere  is  fifteen 
pounds  on  the  square  inch,  the  lateral,  upward,  and  obUque 
pfenares  arc  of  the  same  amount.  BuL,  independently  of  the 
general  principle,  it  may  be  satisfactory  to  give  cxporimental 
proof  of  this. 

T^et  four  gliss  tubes,  a,  b,  c,  d  {^g.  10.),  be  constructed  of 
sufficient  icngtb,  cloi>ed  at  one  end,  a,  b,  c,  d,  and  open  at  the 
other.     Let  the  open  ends  of  three  of  them  be  bent,  as  re- 


Fig.io. 


presented  in  the  tubes  n,  c,  D. 
Being  previously  filled  with 
mercury,  let  them  all  be 
gently  inverted,  so  as  to  have 
their  closed  ends  up,  as  here 
represented.  It  will  be  found 
that  the  mercury  will  bo  sus- 
tained in  all,  and  that  the 
diflerence  of  the  levels  in  all 
will  be  the  samc.-j-  Thus,  the 
mercury  is  sustained  iu  a  by 
the  upward  pressure  of  the 
atmosphere  i  in  b,  by  its  hori- 
zontal or  lateral  pressure;  in 
c,  by  its  downward  pressure ; 


•  Exactly  I5*6e  oz.  =  0-98  lb. 


t  ThiB  cxi>erimcnl  wiih  the  tube  a  rcoiiircs  to  be  very  carcruli.v  cxo- 
culed,  and  (he  lube  nhould  be  ouc  of  small  We. 
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and  in  D,  by  iU  oblique  pressure :  and,  as  the  difference 
of  the  levels  is  the  same  in  all,  these  pressures  are  exactly 
equal. 

{25.)  The  same  arrangement  by  which  the  pressure  of 
atmoxphere  is  measured  by  a  mercurial  column  of  equivalent 
weight,  also  supplies  the  means  of  meosuriug  the  pressure  or 
elasticity  of  atinottpheric  air,  or  any  other  gas  or  vapour, 
whether  iu  a  more  or  less  compressed  or  rarefied  state ;  and 
as  instruments  constructed  on  this  principle  arc  of  consider- 
able use  iu  steam  cngiues,  we  shall  take  this  occosiuu  to 
explain  their  principle  and  application. 

In  the  experiments  described  in  (21),  the  space  D  B  in  thar 
top  of  the  barometer-tube,  from  which  the  mercujy 
sccuded,  ia  a  vacuum.  If,  however,  it  were  occupied  by  a 
quantity  of  air  in  a  rarefied  state,  or  any  other  gas  or  vapour, 
such  gas  or  vapour  would  press  on  tlie  surface  of  tlie  mercury 
at  D,  with  a  force  determined  by  its  elaaticity.  In  that 
tlie  atniwipheric  pressure  acting  on  the  surface  of  the  murci 
c  in  the  cistern,  would  be  balanced  by  the  combined  force* 
of  the  weight  of  the  mercurial  column  sustained  in  the  lube, 
and  the  elmsticity  of  the  gas  or  vapour  in  the  upper  part  of 
it.  Now  if  we  know  the  actual  amount  of  the  atmospheric 
pffwwro,  —  that  is  to  say,  the  height  of  the  column  of  mer- 
cuiy  which  it  would  be  capable  of  sustaijiing, — we  should  then 
be  able  to  determine  the  pressure  of  the  rarefied  air  in  the 
space  c  D. 

For  example,  let  us  suppose  that  the  barometric  column, 
when  B  D  (jf^.  9.)  is  a  vacuum,  measures  thirty  inches :  the  at- 
mospheric pressure,  therefore,  would  be  equal  to  the  weight  of 
a  column  uf  mercury  of  that  height.  Let  us  suppose  tliat  the 
elasticity  of  the  gas  or  vapour  occupying  the  upper  part  of 
the  tube  d  b  causes  the  column  to  fall  to  the  height  of 
twenty-six  inches:  it  is  evident,  then,  that  the  pressure  of 
the  air  in  the  top  of  the  tube  would  be  equal  to  the  weight 
of  a  column  uf  mercury  of  four  inches.  In  fine,  to  determine 
the  pressure  of  the  rarefied  gas  or  vapour  in  the  top  of  the 
tube,  it  is  only  necessar)'  to  observe  the  difference  between 
the  height  of  the  column  of  mercury  actually  siutaijied  in 
tlic  tube,  and  the  column  sustained  at  the  same  time  and 
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place  in  a  common  barometer :  the  diiTerence  of  the  two  will 
be  the  column  of  mercury  whose  weight  will  represent  the 
pressure  of  the  vapour  or  gas  in  the -top  of  the  tube. 

(26.)  Whenever  the  air  contained  in  any  vessel  or  other 
enclosed  space  has  by  any  means  had  its  pressure  reduced  so 
u  to  be  rendered  less  tltau  tliat  of  Uie  external  air,  the  ex- 
ternal air  will  have  a  tendency  to  riLsh  into  such  vessel  or 
encloeiud  space  with  a  force  proportionate  to  the  excess  of  the 
pressure  of  such  external  air  over  that  of  the  air  within ; 
and  if  any  communication  be  opened  between  tlie  interior  of 
6uch  vessel  or  enclosed  space,  and  the  external  air,  the  latter 
will  rush  in  until  an  equilibrium  be  established  between  the 
pressures  witliin  and  witliout.  It  is  endent  that  the  force 
thus  obtained  by  diminishing  the  presjture  of  air  within  a  vessel 
may  be  applied  to  any  mechanical  purpose. 

It  is  by  such  means  that  water  is  raised  in  an  ordinary 
pump.  A  portion  of  the  air  contained  between  the  piston 
of  the  pump  and  the  surface  of  the  water  below,  is  with- 
drawn by  the  action  of  the  piston,  and  the  pressure  of  the 
air  remaining  under  the  piston  is  thereby  diminished.  The 
superior  pressure  of  the  atmosphere  upon  the  external  surface 
of  the  water  in  the  well  then  forces  up  a  column  of  water  in 
the  pump-barrel,  and  this  is  continued  as  the  atr  is  more 
and  more  rarefied  by  the  action  of  the  piston.  By  what- 
ever means,  therefore,  the  air  can  be  wholly  or  partially 
withdrawn  from  any  space,  a  mechanical  power  will  be 
thereby  developed,  proportional  in  its  amount  and  cfGcacy 
to  tlie  quantity  of  air  so  withdrawn.  If,  however,  such  air 
be  withdrawn  by  any  mechanical  process,  such  as  by  a 
syringe,  by  a  common  pump,  or  by  an  air-pump,  the  quan- 
tity of  force  expended  in  Mrjthdrawing  it  is  always  equivalent 
to  the  amount  uf  mechauical  power  ubtaiticd  by  the  vacuum 
or  partial  vacuum  so  produced.  Indeed  the  power  ex- 
pended is  greater  than  the  power  so  obtaiiied,  inasmuch  as 
the  friction,  leakage,  &c.  of  the  exhausting  apparatus  must 
be  allowed  for. 

(27.)  There  are,  however,  various  other  means  by  which  air 
may  be  partially  expelled  from  a  vessel  besides  the  direct 
application  of  mechanical  force.     Thu   if  heat  be  applied  to 
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the  vessel,  the  air,  as  has  been  already  explained,  will  acquire 
increased  elasticity^  and  wil)  rush  from  the  vessel  with  a  force 
proportionate  to  t}ic  excess  of  its  elasticity  above  that  of  tba 
external  air,  and  this  process  may  be  continued  by  increasing 
the  heat  to  which  the  vessel  is  exposed,  until  a  very  consider^ 
able  portion  of  the  air  has  been  expelled.  If  the  orifice  by 
which  the  air  has  escaped  be  then  closed,  and  the  vessel  be 
allowed  to  cool,  the  nir  within,  by  having  its  temperature 
reduced  to  tliat  of  tlie  external  ur,  will  lose  all  the  elasticity 
which  it  had  gained  from  tlie  heat,  and  will  be  in  the  same 
concUtion  as  if  an  equivalent  quantity  of  air  had  been  with- 
drawn by  any  mechanical  agent.  The  extenial  air,  therefore, 
will  liave  a  tendency  to  rush  in  with  a  force  corresponding  to 
the  diUcrence  of  pressures. 

The  process  of  filling  thermometers  with  mercury  tbowi 
one  use  of  producing  a  high  degree  of  rarefaction  by  beat. 
To  construct  the  instrument  it  is  necessary  to  £11  the  bulb 
and  a  part  of  the  tube  with  mercury ;  but  the  bore  of  the  tub*. 
is  so  small  tliat  the  mercury  cannot  be  introduced  by  aoj 
ordinary  means.  It  is  therefore  held  over  flame  until  heated 
to  a  high  temperature.  The  air  within  it  gradually  increaang 
in  pre&surc  as  its  temperature  is  raised,  is  forced  through  the 
•mall  bore  of  the  tube,  until  the  pressure  of  the  air  within 
becomes  no  more  than  equal  to  the  pressure  of  the  external 
atanosphere ;  this  air  being  so  rareiled  tliat  quantity  in  the 
bulb  bears  a  very  small  proportion  to  its  contents  at  oommoB 
temperatures.  The  mouth  of  the  tube  is  Uicn  plunged  into 
mercuiy,  and  as  the  bulb  cools,  the  air  within  it  loses  its 
elasticity,  and  the  superior  pressure  upon  the  external  sur- 
fiKe  ibrccs  the  mercury  into  the  tube.  This  continues  until 
the  air  remaining  within  the  bulb  has  been  so  contracted*  that 
its  pressure  combined  with  the  weight  of  the  mercury,  shall 
balance  the  atmospheric  pressure.  The  tube  is  tlien  reversed* 
and  the  air  which  remained  rises  in  a  bubble  to  the  surlace, 
and  escapes. 

(28.)  Let  us  now  return  to  tlie  proceedings  of  Papin.  How 
great  a  power  would  result  from  such  a  machine  as  he  con- 
ceived, will  be  apparent,  if  it  be  considered  that  the  unresisted 
atmosphere  exercides  a  pressure  of  about  Eflix'u  iwunds  on 
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each  square  inch  of  siu-race  rxposed  to  it,  and  that  if  the 
piston  in  the  cylinder  imagined  by  Papin,  had  a  diameter  of 
only  one  square  foot,  its  superficial  magnitude  would  be  about 
1 14  square  inches.  The  pressure  of  the  atmosphere  upon  it, 
therefore,  would  be  114  times  fifteen  pounds,  or  1710  pounds. 
Papin  first  proposed  to  produce  the  vacuum  imder  the  piston 
by  means  of  common  air  pumps,  worked  by  a  water-wheel ; 
and  by  such  means  he  conceived  that  the  power  of  a  river, 
stream,  or  waterfall  might  be  conveyed  by  pipes  to  a  dis- 
tance. While  he  was  in  England,  in  1687,  he  laid  his  con- 
trivance before  the  Royal  Society  of  London,  but  was  met 
by  objections  and  difficulties,  the  nature  of  which  he  does 
not  explain. 

It  is,  however,  apparent,  from  what  has  been  already  ex- 
plained, that  such  a  methtHl  of  proceeding  would  amount  to 
a  mere  transfer  cf  power,  and  would  not,  properly  speaking, 
be  itself  a  moving  force:  the  moving  power  would,  in  reality, 
be  the  force  of  the  water  by  which  the  water-wheel  would  be 
driven ;  and  the  air-pumps,  tubes,  together  with  the  piston 
■nd  cylinder,  would  be  merely  means  of  conveying  the 
power  of  the  watcr-whecl  to  the  objects  to  be  moved,  or 
the  machinery  to  be  driven.  Papin  states,  that,  long  before 
thu,  he  had  attempted  to  expel  the  air  from  his  cylinder  Uy 
means  of  gunpowder ;  but,  notwithstanding  all  the  precautions 
which  he  could  take,  there  always  rcuioiucd  a  considerable 
quantity;  so  much,  indeed,  as  to  deprive  the  vacuum  of  more 
than  half  its  pi-opcr  force.  At  length  he  adopted  an  ex- 
pedient for  the  production  of  a  vacuum  which  forms  a  most 
important  step  in  the  progressive  invention  of  the  steam 
engine,  and  which  gives  to  Papin's  name  a  high  place  in  the 
history  of  that  machine.  This  metliod  is  explained  in  the 
fbUovring  paragraph  of  a  w^ork  published  by  Papin  in  1695,  at 
Cassel,  entitled  Recueil  de  diverges  Pieces  toucfuitU  quelques 
nouveilet  MachineSf"  p.  53. 

**  I  have  endeavoured,"  says  he,  **  to  attain  this  end  (viz. 
the  production  of  a  vacuum  in  the  cylinder)  in  anotlier  way. 
As  water  has  the  property  of  elasticity,  when  converted  into 
steam  by  heat,  and  afterwards  of  being  so  completely  re- 
condensed  by  cold,  that  there  does  not  remain  the  least 
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appearance  of  this  elasticity,  I  have  thought  that  it  would 
not  be  difficult  to  work  machines  in  which,  by  meAns  of  a 
moderate  heat  and  at  a  small  cost,  water  might  produce 
that  perfect  vacuum  which  has  vainly  been  sought  hy  meant 
of  gunpowder." 

This  remarkable  passage  is  given  in  the  work  just  cited,  m 
an  extract  from  the  "  Licipsic  Acts,"  of  August,  1690. 

Let  ua  pause  here  to  explain  more  fully  this  imporUnt 
discovery. 

(2J).)  We  have  explained  that,  in  its  conversion  into  vapour, 
by  the  application  of  heat,  water,  besides  acquiring  the  pro- 
perty of  elasticity',  undergoes  a  vast  cnlai^cmenl  of  bulk,  fill- 
ing, under  ordinary'  circumstances,  about  1700  times  more 
space  than  it  occupied  in  the  liquid  form.  Tliis  fact  was 
known  generally,  though  not  with  numerical  accuracy,  by,, 
Papin,  ha>*ing  been  the  foundation  of  the  machines  prc^-iouily 
invented  and  published  by  De  Caus  and  Lord  Worcester} 
the  happy  idea  of  reversing  the  process  occurred  to  him.  If 
water  in  its  conversion  into  steam  swelled  into  many  hundred 
tines  its  original  bulk,  it  would  necessarily  follow,  that 
steam,  being  reconverted  into  water,  would  shrink  into  its 
primitive  dimensions.  Papin  therefore  saw,  that  if  he  could 
by  any  means  expel  tlie  air  from  his  cylinder  under  the 
piston,  and  replace  it  by  the  pure  vapour  of  water,  he  could 
cause  that  vapour  to  be  reconverted  into  a  comparatively 
minute  quantity  of  water  hy  depriving  it  of  the  heat  which 
sustained  it  in  the  state  of  steam,  and  that  by  accomplishing 
this,  the  space  in  the  cylinder  under  the  piston  would  become 
a  vacuum ;  that  by  such  means,  the  pressure  of  the  atmo- 
sphere above  the  piston  would  take  full  effect,  and  would 
urge  the  piston  down  ;  tlut  by  Introducing  more  steam  under 
the  piston,  it  might  be  again  raised  by  the  elastic  force  of  the 
steam,  the  destruction  of  which  by  cold  water  would  agaiaj 
produce  the  descent  of  the  piston  with  the  same  mechanit 
force ;  and  that  in  this  way  the  alternate  ascent  and  descent 
the  piston  might  be  continued  indefinitely. 

In  accordance  with  tlicsc  ideas,  Papin  constructed  a  model 
consbting  of  a  small  cylinderi  in  which  was  placed  a  solid  pis- 
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ton ;  and  in  the  bottom  of  the  cylinder  under  the  piston  was 
contained  in  a  small  quantity  of  water.  Tlie  piston  being  in 
umnedate  contact  with  this  water,  so  as  to  exclude  the  atmo* 
spheric  air,  on  applying  fire  to  the  bottom  of  tlie  cylinder, 
steam  was  produced,  tlie  elastic  force  of  which  raised  the  pis- 
ton to  the  top  of  the  cylinder ;  tlie  fire  being  then  removed, 
and  the  cylinder  being  cooled  by  the  surrounding  air,  the 
steam  was  condensed  and  reconverted  into  water,  leaving  a 
»»cuum  in  the  cylinder  into  which  the  piston  was  pressed  by 
the  force  of  the  atmosphere.  The  fire  being  applied  and  sub- 
sequently removed,  another  ascent  and  descent  were  accom- 
plished ;  and  in  the  same  manner  the  alternate  motion  of  the 
piston  might  be  continued.  Papln  described  no  other  form 
of  machine  by  which  this  property  could  be  rendered  a^'ail* 
able  in  practice ;  but  he  states  generally,  that  the  same  end 
may  be  attained  by  various  forms  of  machines  easy  to  bu 
imagined.* 

Tdohas  Savery,  1G98. 

(30.)  The  discovery  of  the  method  of  making  a  vacuum 
by  the  condensation  of  steam  was  reproduced,  before  1698,  by 
Captain  Thomas  Savery,  to  whom  a  patent  was  granted  in  tliat 
year  for  a  steam  engine  to  be  applied  to  the  raising  of  water, 
&c.  Savery  proposed  to  combine  the  machine  described 
by  die  Marquis  of  Worcester  with  an  apparatus  for  raising 
water  by  suction  into  a  vacutmi  produced  by  the  condensation 
of  steam. 

Savery  appears  to  have  been  ignorant  of  the  publication  of 
Papin,  and  stated  that  his  discovery  of  the  condensing  pnn- 
dple  arose  from  the  following  circumstance :  — 

Having  drunk  a  flask  of  Florence  at  a  tavern,  and  fttmg  the 
empty  flask  on  the  fire,  he  called  for  a  basin  of  water  to  wash 
his  hands.  A  small  quantity  which  remained  in  the  flask  be- 
gan to  boil,  and  steam  issued  from  its  mouth.  It  occurred  to 
him  to  try  what  eflect  would  be  produced  by  inverting  the 
flask  and  plunging  its  mouth  in  the  cold  water.  Putting  on 
a  thick  glove  to  defend  his  hand  from  the  heat,  he  seized  the 


48 


THE    STEAM    ENGIHt. 


flask,  and  the  moment  he  plunged  its  mouth  in  the  water  the 
liquid  immediately  rushed  up  into  the  ilask  and  filled  it. 

Savcry  stated  that  this  circumstance  immediately  suggested 
to  him  tlie  possibility  of  giving  eflect  to  the  atmospheric  pres- 
sure by  creating  a  vacuum  in  this  manner.  He  thought  that 
if,  instead  of  exhausting  the  barrel  of  a  pump  by  the  usual 
laborious  method  of  a  piston  and  sucker,  it  was  exhausted  by 
first  filling  it  with  steam,  and  then  condensing  the  same  steam, 
the  atmospheric  pressure  would  force  the  water  from  the  well 
into  the  pump-barrel,  and  into  any  vessel  connected  with  it, 
provided  that  vessel  were  not  more  than  about  thirty-four  feet 
above  the  elevation  of  the  water  in  tJie  well.  He  perceived 
also,  that,  baring  lifted  the  water  to  this  height,  he  might  osa' 
the  elastic  force  of  steam  in  the  manner  described  by  tlie  Mar- 
quis of  M^orccstor  to  raise  the  same  water  to  a  still  greater 
elevation,  and  that  the  same  steam  which  accomplished  this 
mechanical  cfiect  would  scne,  by  its  subsequent  condensation, 
to  reproduce  the  vncnum,  and  draw  up  more  water.  It  wa». 
on  this  principle  that  Saver^'  constructed  the  first  engine  iaj 
which  steam  was  ever  brought  into  practical  operation. 
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generate  the  steam,  winch  Is  called  the  builcr ;  and  the  &ccond| 
that  in  wliich  the  steam  is  applied  afi  a  moving  power. 

The  former  apparatus  in  Saverv's  engine  consista  uf  two 
strong  boilers,  sections  of  which  aro  represented  at  d  and  e  in 

Ji^.  11.;  D  the  greater 
boiler,  and  e  the  leas. 
The  tubes  r  and  r' 
communicate  with  the 
working  apparatus, 
which  we  shall  pre- 
sently describe.  A  thin 
plate  of  metal  h,  is  ap- 
plied closely  to  the  top 
of  the  great  boiler  d, 
turning  on  a  centre  c,  so  that  by  moving  a  lever  applied  to 
the  axis  c  on  the  outside  of  the  top,  the  sUdlog  plate  n  can  be 
brought  from  the  mouth  of  tlie  one  tube  to  the  mouth  of  the 
other  alternately.  This  sliding  vatvc  is  called  the  roguhtoft 
aincc  it  is  by  it  that  the  comniunicatious  between  the  boiler 
and  two  steam  vessels  (hereafter  described)  are  alternately 
opened  and  clos<^>d,  tlie  lever  which  effects  this  being  ma^ed 
ftt  intervals  by  the  hand  of  the  attendant. 

Two  gauge  cock*  arc  represented  at  o,  o',  the  use  of  which 
is  to  deiennine  the  depth  of  water  in  the  boiler.  One,  o,  hw 
its  lower  aperture  a  tittle  above  the  proper  depth ;  and  tbe 
other,  C,  a  little  below  it.  Cocks  are  attached  to  the  upper 
ends  o,  q\  which  can  be  opened  or  closed  at  pleasure.  Tbe 
steam  collected  in  the  top  of  the  botler  pressing  on  the  sur- 
face of  the  watcri  forces  it  up  in  the  tubes  o,  g',  if  tlicir  lower 
ends  be  immcned.  Upon  opening  the  cocks  o,  o',  if  water 
bo  forced  from  both,  there  Is  too  much  water  in  the  boiler, 
since  the  mouth  of  o  is  helow  its  level.  If  steam  issue  from 
both,  there  la  too  Uttlc  water  in  the  boiler,  since  the  moutli 
of  o'  is  above  its  level.  But  if  steam  issue  from  o,  and  water 
from  o',  the  water  in  the  boiler  is  at  its  proper  level.  This 
ingenious  contrivance  for  determining  the  level  of  tbe  water 
in  tlie  boiler  is  the  invention  uf  Savery,  and  is  used  in  naaj 
instances  at  the  present  day. 

The  mouth  of  lite  pipe  o  should  be  at  a  level  of  a  little  less 
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than  one  third  of  the  whole  depth,  and  the  mouth  of  o'  at  a 
a  level  liitle  lower  than  one  third ;  for  it  is  requisite  that  about 
two  thirds  of  the  boiler  should  be  kept  filled  with  water.  The 
tube  I  forms  a  communicaLiuu  between  the  greater  boiler  d 
and  the  lesser  or  feeding  boiler  k,  descending  nearly  to  the 
bottom  of  it.  This  communication  can  be  opened  and  closed 
at  pleasure  by  the  cock  k.  A  gauge  pipe*  is  inserted  similar 
to  o,  g',  but  extending  nearly  to  the  bottom.  From  this 
boiler  a  tube  p  extends,  which  js  continued  to  a  cistern  c 
(Jiff.  12.),  and  a  cock  is  placed  at  h,  which,  when  opened, 
allows  the  water  from  the  cistern  to  flow  into  the  feeding 
boiler  t,  and  which  is  closed  when  that  boiler  is  filled.  The 
manner  in  which  this  cistern  is  supplied  will  bo  described 
hereafter. 

Let  us  now  suppose  that  the  principal  boiler  is  filled  to  the 
level  between  the  gauge  pipes,  and  tbat  the  subsidiary  boiler 
ia  nearly  full  of  water,  the  cock  k  and  the  gauge  cocks  «  a* 
being  all  closed.  The  fire  being  lighted  beneath  d,  and  the 
water  boiled,  steam  is  produced,  and  is  transmitted  through 
one  or  other  of  the  tubes  t,  t',  to  the  working  apparatus. 
When  evaporation  has  reduced  the  water  in  d  below  the  level 
of  tf,  it  will  be  necessary  to  replenish  the  boiler  n.  This  is 
efi*ected  thus :  —  A  fire  being  lighted  beneath  the  feeding 
boiler  b,  steam  is  produced  in  it  above  the  surface  of  the 
water,  which,  having  no  escape,  presses  on  the  surface  so  as  to 
force  it  up  in  the  pipe  i.  The  cock  k  being  thtn  opened,  the 
boiling  water  is  forced  into  the  principal  boiler  d,  into  which 
it  is  allowed  to  flow  until  water  issues  from  the  gauge  cock  o'. 
When  this  takes  place,  the  cock  k  is  closed,  and  the  fire  re- 
moved firom  E  until  the  great  boiler  again  wants  replenisliing. 
When  the  feeding  boiler  e  has  been  exhausted,  it  is  reple- 
nished firom  the  cistern  c  (Jig,  \2.),  through  the  pipe  F,  by 
opening  the  cock  m. 

(3?.)  We  shall  now  describe  the  working  apparatus  in 
which  the  steam  is  used  as  a  moving  power. 

Let  V  v'  (fg.  12.)  bo  two  steam  vessels  communicating  by 
the  tubes  t  t'  (marked  by  the  same  letters  in  Jiff.  1 1 .)  with  the 
greater  boiler  d. 

Let  3  be  a  pipe,  called  the  ruction  pipe,  descending  into 
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the  well  or  reservoir  from  which  Uic  water  is  to  be  raised^  and 


Fig.  li. 


^ 


communicating  with  each  of 
the  steam  vessels  through 
tubes  D  d',  hy  valves  A  *'» 
which  open  upwards.  Let 
P  be  a  pipe  continued  firom 
the  level  of  tlie  engine  to 
whatever  higher  level  it  is 
intL-iided  to  elevate  thowAter. 
The  steam  vessels  v  v'  com- 
municate with  the  foree-pipa 
¥  hy  valves  B  b',  which  open 
upwards,  through  the  tubes 
B  E^  Over  the  steam  vessels 
and  on  the  force-pipe  is  placed 
a  small  cistern  c,  already 
mentioned,  which  is  kept 
filled  with  cold  water  from  the  force-pipe,  and  from  lJx« 
buttom  of  which  proce<-il8  a  pipe  terminated  with  a  cock  a. 
This  is  called  tlie  condeturiny  pipe,  aud  can  be  brought  allci^ 
nately  over  each  steam  vessel.  From  this  cistern  another 
pi})e  communicates  with  tlic  feeding  boiler  (^.  11.),  hy  the 
cock  «.• 

The  communication  of  the  pipes  t  t'  with  tlie  boiler  can  he 
opened  and  closed  alternately,  by  the  regulator  R  (^.  11.), 
already  described. 

Now  suppose  the  steam  vessels  and  tubes  to  be  all  filled 
with  common  atmospheric  air,  and  that  the  regulator  be 
placed  so  that  the  communication  between  the  tube  t  and  the 
boiler  be  opened,  the  communication  between  the  other  tube 
t'  and  the  boiler  being  closed,  steam  will  flow  into  v  through 
T.  At  first,  while  tlic  vessel  v  is  cold,  the  steam  will  be  con- 
densed, and  will  fall  in  drops  of  water  on  the  bottom  and  sides 
of  the  vessiel.  Tlic  continued  supply  of  steam  from  the  boiler 
will  at  length  impart  such  a  degree  of  heat  to  the  vessel  T, 
that  it  will  cease  to  condense  it.     Mixed  with  the  heated  air 


*  This  ppc  is  repnaienteJ  as  |iroc«aJing  IVoin  the  forvo-pine  nbove  the 
cbtcm  c,  in  the  pcnpsctive  view  of  Sarcry's  eopuc  st  the  bead  of  this 
dui|Kcr. 
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contained  in  the  vessel  v,  it  will  have  an  elastic  force  greater 
than  the  atmospheric  pressure,  and  will  therefore  force  open 
the  valve  b,  through  which  a  mixture  of  air  and  steam  vn'll  be 
driven  until  all  the  air  in  the  vessel  v  will  have  passed  out, 
and  it  will  contain  nottiing  but  the  pure  vapour  of  water. 

When  this  has  taken  place,  suppose  the  regulator  be  moved 
so  as  to  close  the  communication  between  the  tube  x  and  tlie 
boQer,  and  to  stop  the  further  suppi)'  of  steam  to  the  vessel 
V  ;  and  at  the  same  time  let  the  condensing  pipe  a  be  brought 
oirer  the  vessel  V,  and  the  cock  opened  so  as  to  let  a  stream  of 
cold  water  flow  upon  it.  This  will  cool  the  vessel  v,  and  the 
steam  with  which  it  is  filled  will  be  condensed  and  fall  in  a 
few  drops  of  water,  leaving  the  interior  of  the  vessel  a  vacuum. 
The  valve  b  will  be  kept  closed  by  the  atmospheric  pressure. 
But  the  elastic  force  of  the  air  between  the  valve  a  and  the 
surface  of  the  water  in  the  well,  or  reservoir,  will  open  a,  so 
that  a  part  of  this  air  will  rush  in,  and  occupy  the  vessel  v. 
The  air  in  the  suction  I>ipe  s,  being  llius  Hllowed  an  increased 
space,  will  be  proportion  ably  diminished  in  its  elastic  force, 
and  its  pressure  will  no  longer  balance  that  of  the  atmosphere 
acting  on  the  external  surface  of  the  water  in  the  reser- 
voir. This  pressure  will,  therefore,  force  water  up  in  the  tube 
a  until  its  weight,  tf^ether  with  the  elastic  force  of  the  air 
above  it,  balances  the  atmospheric  pressure.  When  this 
has  taken  place,  the  water  will  cease  to  ascend. 

Let  us  now  suppose  that,  by  shifting  the  regulator,  iJic 
communication  is  opened  between  t  and  the  boiler,  su  that 
steam  flows  again  into  v.  The  condensing  cock  c  being  re- 
moved, the  vessel  will  be  again  heated  as  before,  the  air  ex- 
pelled, and  its  place  filled  by  the  steam.  The  condensing 
pipe  being  again  allowed  to  play  upon  the  vessel  v,  and  the 
further  supply  uf  steam  being  stopped,  a  vacuum  will  be  pro- 
duced in  v,  and  the  atmospheric  pressure  will  force  the 
water  through  the  valve  a  into  the  vessel  v,  which  it  will 
nearly  fill,  a  small  quantity  of  air,  however,  remaining  above 
iL 

Thus  far  the  mechanical  agency  employed  in  elevating  the 
water  is  the  atmospheric  pressure ;  aud  the  power  of  steam 
is  no  further  employed  than  in  the  production  of  a  vacuum. 
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But,  in  order  to  continue  the  elevation  of  the  water  through 
the  force  pipe  r,  above  the  level  of  the  steam  vessel,  it  will  be 
necessary  to  use  the  elastic  prc&sure  of  the  steam.  The 
vessel  V  is  now  nearly  filled  hy  the  water  which  liaH  been 
forced  into  it  hy  the  atmottphcre.  I^t  us  suppose  that,  the 
regulator  being  shifted  again,  the  communicaliun  between  the 
tube  T  and  the  boiler  is  openetl,  the  cundentung  cock  removed, 
and  that  steam  flows  into  v.  At  first,  coming  in  contact  with 
the  cold  surface  of  the  water  and  that  of  the  vessel,  it  is  con- 
densed ;  but  the  vessel  is  soon  heated,  and  the  water  formed 
bjr  the  condensed  steam  collects  in  a  sheet  or  film  upon  the 
surface  of  the  water  in  v,  so  as  to  form  a  surface  as  hot  as 
boiling  water.*  The  steam  then  being  no  longer  condensed, 
presses  on  the  surface  of  the  water  with  its  elastic  force  ;  and 
when  that  pressure  becomes  greater  than  the  atmospheric 
pressure,  the  valve  b  is  forced  open,  and  the  water  issuing 
through  itj  passes  through  e  into  the  force-pipe  r ;  and  this  is 
continued  until  the  steam  has  forced  all  the  water  Ixom  v» 
and  occupies  its  place. 

The  further  admission  of  steam  through  t  is  once  more 
stopped  by  moving  the  regulator ;  and  the  condeniung  pipe 
being  again  allowed  to  play  on  v,  so  as  to  condense  the  steam 
which  fills  it,  produces  a  vacuum.  Into  this  vacuum,  as  lie- 
fore,  the  atmospheric  pressure  will  force  the  water,  and 
fill  the  vessel  v.  The  condensing  pipe  being  then  closed,  and 
steam  admitted  through  T,  the  water  in  v  will  be  forced  by  ita 
pressure  through  the  valve  b  and  tube  £  into  F,  and  so  the 
process  is  continued. 

We  have  not  yet  noticed  the  other  steam  vessel  v',  which, 
as  far  as  we  have  described^  would  have  remained  filled  with 
common  atmospheric  air,  the  pressure  of  which  on  the  valve 
ji'  would  have  prevented  the  water  raised  in  tlie  suction  pipe 
•  from  passing  through  it.  However,  this  is  not  the  case ;  fur, 
during  the  entire  process  which  has  been  described  in  v, 
similar  cffecla  have  been  produced  in  v',  which  we  have  only 
omitted  to  notice  to  avoid  the  confusion  which  the  two  pro- 
cesses might  produce.  It  will  be  remembered,  that  after  the 
■team,  in  the  first  iiutance,  baling  flowed  from  the  boiler 
*  UoC  water  t>cmg  lighter  than  cold,  floats  on  the  burfacc. 
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UtrtHigli  T,  ka  Uon  the  w  tm±  «f  t  dMH| 

nication  betuven  t  aad  the  boder  k  cIhbL 

motioD  of  the  ngahtor  mMth  dam  da^ap 

cation  belweea  t'  and  the  Wfler;  Car  ^ 

(^.  1 1.)  is  mand  from  the  o*e  taW  to  cW 

aaiae  lime,  as  we  hare  aliea^  italeJ,  the 

faronght  to  play  on  t.     WUe*  ikcnAac^  s 

fonned  in  t  bj  coodriMatkm,  Ae  ate^H,  Av 

blows  out  the  sir  tfanw^  ■',  as  afaew 

resicl  T ;  and  whik  the  air  in  a  is  rmHa^  % 

V,  followed  bv  the  wver  raised  ia  s  fc^  ^e 

sure,  the  Teasel  ^  ia  tiriag  fiUed  witk  stesMiy  «ad  iW  air 

is  completely  expelled  froaa  it. 

The  commnnicatian  betwecsk  t  and  Ae  beSer  is  bow  a^aa 
opened,  and  the  coa—UBieaJiao  betweeu  t*  and  Aebaflar 
closed  bj  moring  tbe  regnkatnr  %  (^^  11.)  froaa  tbe  tabe 
T  lo  t'  ;  at  the  tamo  time  the  pnwilfaiiag  pipe  is  peawwad 
Crom  oTcr  v,  and  bnni^t  to  plar  npoa  r*.  WbSe  tbft  steaai 
once  mofe  expels  the  air  from  v  tbroagh  a,  a  Taeanm  is 
formed  bv  condensstioo  in  t',  into  wUcb  tbe  wxter  in  s 
rushes  through  tbe  rah-e  a'.  In  tbe  mean  time  t  is  i^^ain 
filled  with  stcsBi.  The  commnaicalMMi  between  t  aikd  tbe 
boiler  is  now  closed,  and  that  beCweea  r^  and  the  boiler  ia 
opened,  and  the  cundeoslng  pipe  remoTed  from  r',  and  brooght 
to  play  oD  V.  While  the  steam  from  tbe  boiler  forces  the 
water  in  v'  through  a'  into  the  force<pipe  f,  a  vacuum  is  being 
produced  in  v,  into  which  water  is  raised  by  the  atmospheric 
pressure. 

Thus  each  of  the  vessels  v  V  is  alternately  filled  from  s, 
and  the  water  thence  forced  into  v.  The  same  steam  which 
forces  the  water  from  the  vessels  into  r,  having  done  its  dut^^ 
is  condensed,  and  brings  up  the  water  from  5,  by  giving  clfect 
to  the  atmospheric  pressure. 

Durinf^  this  process,  two  oltornate  motions  or  ndjustments 
must  he  constautly  made ;  the  cunimunication  between  t  and 
tbe  boiler  must  he  opened,  and  that  between  t'  and  the  boiler 
closed,  which  is  done  by  one  motion  of  the  regulator.  The 
coudcniiing  pipe  at  the  same  time  must  be  brought  from  v  to 
play  on  v',  which  is  done  by  the  lever  placed  upon  it.    Again 
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the  commumcation  between  r^  and  the  boiler  is  to  be  opened, 
and  that  between  t  and  the  boiler  closed ;  tJiis  is  done  by 
moving  back  tliu  regulator.  The  condensing  pipe  ia  brought 
from  v'  to  V  by  moving  back  the  other  lever,  and  bo  on 
alteniately. 

For  the  clearness  and  convenience  of  description,  some 
slight  and  otherwise  unimportant  changes  have  been  made  in 
the  position  of  the  parta.  A  perspective  view  of  this  engine 
is  represented  at  the  head  of  this  chapter.  The  di&ereDt 
parta  already  described  will  easily  be  recognised. 

The  engine  of  Savery  was  very  clearly  described  in  a  small 
work  published  in  London  in  \102t  entitled,  7V^  jVinrr'f 
Friendt  or  an  Engine  to  raUe  Water  by  Fire  detcribedf  and 
the  Manner  of  Fixing  it  in  Mines  ;  tcUA  an  Account  of  the 
several  Use*  it  it  applicable  unto,  and  an  Answer  to  the  ObjeC' 
tion  made  against  it  ,•  by  Thomas  Sarerg,  Gentleman.  This 
volume  was  dedicated  to  William  III.  (tu  whom  the  engine 
had  been  exhibited  at  Hampton  Court  palace),  to  the  Royal 
Society,  and  to  the  mining  adventurers  of  EjigUnd.  Hia- 
following  arc  the  uses  to  which  Savery  proposed  the  engine 
ahould  be  applied :  First,  to  raise  water  for  turninj^  nil  sorts 
of  mills;  second,  supplying  palaces  and  houses  with  water, 
and  supplying  means  of  extinguishing  fire  therein  by  th« 
water  so  raised ;  Mir<^,  the  supplying  cities  and  towns  with 
water;  f&urt/t,  draining  fens  or  marshes ;^Mj  for  ships | 
sixth,  the  drainage  of  mines. 

Dr.  Harris,  in  his  Lexicon  Technicuni^  or  Dictionary  of 
Arts  and  Sciences,  mentions  a  machine  of  Savery 'a  for  pro- 
pelling a  vessel  in  a  calm,  by  paddle-wheels  placed  at  the 
side ;  but  it  does  not  appear  that  Savery  contemplated  the 
application  of  a  steam  engine  to  wm-k  these  wheels. 

It  is  only  from  scattered  passages  in  publications  of  the  day 
that  it  can  be  ascertained  to  what  extent  the  engines  of 
Savery  were  practically  applied.  In  his  address  to  the  Royal 
Society,  he  speaks  uf  the  "  difGcuUles  and  expense  wliicb  he 
encountered  in  iiistrurting  artisans  to  make  engines  according 
to  his  wish ;  but  that  after  much  experience  the  workmen 
had  l>ceomc  such  masters  of  the  thing,  that  they  bound 
themselves  to  deliver  tho  engines  *  exactly  tight  and  fit  for 


srrrice,  and  such  as  he  (Sairr^)  dao* 
one  tliat  haa  occasion  tea  them.*  ** 

In  his  address  to  ike  Buoen  at  Eagbad 
"  that  the  frequent  dinrden  and 

engines    then  in  nse  encooraged  him  to  inreal   eugjaaa  to 
work  by  this  new  force ;  that  thovgh  iktj  «en  oMifeiiJ  to 
encounLer  the  oddest  and  ahooat  uaopeiahle  £fiealtie%  yet 
he  spared  neither  time,  pains,  nor  iiKni«7,  till  be  had 
qnercd  them." 

In  ^ndiey'^ImprotewuMU  ofPiaMtimffOMd Gardening,  niS^ 
the  author  tlius  speaks  of  an  engine  erected  bj  Sarery :  — 

*'  Supposing  the  utoation  of  a  hooae  or  garden  to  be  * 
considerable  height  above  any  pood,  rirer,  or  wpnag,  and 
that  it  has  at  present  no  other  conrenieoey  of  water  than 
what  is  brought  continually  by  men  or  horaes  to  it.  In  this 
case,  the  wonderful  invention  of  the  late  Mt.  SaTery,  F^S., 
for  raising  water  by  fire,  will  not  only  supply  the  delect,  by 
flingii^  up  as  much  water  as  may  be  desired,  but  may  be 
maintained  with  very  little  trouble  and  very  small  expense. 

'*  It  is  now  about  six  yearn  since  Ntr.  Savery  set  op  one 
of  them  for  tliat  curious  gentleman  Mr.  Ballc,  at  Cambden 
House,  Kensington,  near  London,  which  has  succeeded  so 
well  that  there  has  not  been  any  want  of  water  since  it  has 
been  built ;  and,  with  the  improvements  since  made  to  it,  I 
am  apt  to  believe  will  be  less  subject  to  be  out  of  order  than 
any  engine  whatever,'' 

It  is  remarkable  that,  notwithstanding  the  high  pressure 
steam  necessary  for  the  operation  of  Savery's  engine,  he  does 
not  appear  to  have  adopted  the  obvious  expedient  of  a  safety 
valve.  The  safety  valve  had  been  previously  known,  having 
been  invented  about  the  year  1681,  by  Papin,  for  his  digester, 
which  was  a  close  boiler,  coutrivcd  by  Idm  for  itewing  meat 
and  digesting  bones,  by  submitting  them  to  a  higher  temper- 
ature tlian  tbal  of  water  boiling  in  an  open  vessel. 

The  safety  valve  which  has  ever  since  been  used  for  steam 
boilers  of  every  kind  is  a  valve  which  opeus  outwards,  and  is 
fitted  to  an  aperture  in  the  boiler,  so  as  to  be  steam  tight.  It 
is  pressed  down  by  a  weight,  ibe  amount  of  which  is  regulated 
by  the  maximum  pressure  to  which  it  is  intended  the  steam 
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shall  be  limited.  Thuft,  if  the  magnitude  of  the  valve  be  a 
Kquare  inch,  aud  the  pressure  of  the  steam  be  limited  to  10  lbs. 
per  nquAre  inch  above  the  pressure  of  the  atmosphere,  then 
the  valve  would  be  loaded  with  a  weight  of  10  lbs, ;  but  as  it 
was  found  necessary  to  vary  from  time  to  time  the  limitii 
pressure  of  the  stcam^  or  the  load  of  the  safety  valve,  t 
valves  were  usually  constructed  so  aa  to  be  held  down  by  the 
pressure  of  a  lever  having  a  sliding  weight  upon  it.  Qy  moving 
the  weight  on  the  arm  of  the  lever,  the  pressure  on  the  valve 
could  be  increased  or  diiuiuishcd  at  the  discretion  of  the 
engineer.  This  contrivance  was  first  applied  to  Savcry*i 
engines,  by  UesaguUers,  about  the  year  1717,  before  which 
year  Savery  died. 

It  is  justly  observed  by  Mr.  Farey,  in  his  treatise  on  the 
Ateam  engine,  tliAt,  '*  when  a  comparison  is  made  between 
Captain*  Saver)''*  engine  and  those  of  his  predecessors,  the 
result  will  ho  in  every  respect  favourable  to  his  character  at\ 
an  inventor,  and  us  a  prnctical  engineer;  all  the  details  of  his 
invention  are  mode  out  in  a  masterly  style,  and  accidents  and 
contingencies  are  provided  fur,  so  as  to  render  it  a  real  work- 
ing engine;  whereas  De  Caus,  the  Marquis  of  Worcester, 
Sir  Samuel  Morlnnd,  and  Papin,  though  ingenious  philoso- 
phers, only  produced  more  outlines,  which  required  great 
labour  and  skill  of  subsequent  inventors  to  fill  up,  end  make 
them  suiiiciently  complete  to  be  put  in  execution." 

About  the  year  1718  further  improvements  were  made  tl 
the  construction  of  Savory's  engine,  by  Dr.  Desaguliers;  but 
it  is  probable  tliat  some  oi  these  were  suggested  hy  the  pro* 
ccc<Uiigs  of  tite  inventors  of  the  atmospheric  engine,  which 
shall  presently  describe. 

(<}3.)  In  order  duly  to  appreciate  the  value  of  improve- 
ments, it  is  necessary  first  to  perceive  the  defccU  which 
these  improvements  are  designed  to  remove.  Savery**  stekin 
engiue,  considering  how  little  was  known  of  the  value  and 
properties  of  steam,  sJid  how  low  the  general  standard  of 
mectianical   kjiowlcdgc  waa  in  his  day,  is  certainly  highly 


•  "  CapCAin  "Us  tkic  pven  in  CornwiU  to  the  superintendent  of  the 
worka  conoectcd  with  a  mine. 


DEFECTS    OF    SAVEKY's    ENGINE. 


dd 


creditable  to  bis  genius.  Nerertholcss  it  had  very  consider- 
able defects,  and  was  finaltv  found  to  be  ineiRcient  for  the 
most  important  purposes  to  which  he  proposed  applying  it. 

At  the  time  of  this  invention,  the  mines  in  England  had 
greatly  increased  in  depth,  and  the  process  of  draining  them 
had  become  both  expensive  and  difHcult;  so  nmch  so,  that  it 
was  found  in  many  instances  that  their  produce  did  not  cover 
the  cost  of  working  them.  The  drainage  of  these  mines  was 
the  most  important  purpose  to  which  Savery  proposed  to 
apply  his  steam  engine. 

It  has  been  already  stated  that  the  pressure  of  the  atmo> 
sphere  amounts  to  about  fifteen  pounds  on  evcrj'  square  inch. 
Now,  a  column  of  water,  whose  base  is  one  sqtiare  inch,  and 
whose  height  is  thirty-four  feet,  weighs  about  fifteen  pounds. 
If  we  suppose  that  a  perfect  vacuum  were  produced  in  the  steam 
vessels  v  v'  {fig*  12.)  by  condensation,  the  atmospheric  pressure 
would  fail  to  force  up  the  water,  if  the  Iteight  of  the  top  of  these 
vessels  above  the  water  to  be  raised  exceeded  thirty-four  feet. 
It  is  plain,  therefore,  that  the  engine  cannot  be  more  than 
tbirty-four  feet  above  the  water  which  it  is  intended  to  elevate. 
But  in  fact  it  cannot  be  so  mudi ;  for  the  vacuum  produced 
in  the  steam  vessels  v  v'  is  never  perfect.  Water,  when  not 
submitted  to  the  pressure  of  the  atmosphere,  will  vaporise  at 
a  very  low  temperature,  as  wo  shall  hereafter  explain;  and 
it  was  found  that  a  vapour  possessing  a  considerable  elasticity 
would,  notwithstanding  the  condensation,  remain  in  the  ves- 
vv'  and  the  pipe  s,  and  would  oppose  the  asceut  of  the 

iter.  In  consequence  of  this,  the  engine  could  never  be 
placed  with  pniciicul  advantage  at  a  greater  height  than 
twenty-six  feet  above  the  level  of  the  water  to  be  raised. 

(3'k)  When  the  water  is  elevated  to  the  engine,  and  the 
steam  vessels  filled,  if  steam  be  introduced  above  the  water 
in  V,  it  must  first  balance  the  atn^ospheric  pressure,  before  it 
can  force  the  water  through  the  vulvc  d.  Here,  then,  is  a 
mechanical  pressure  of  tifteen  pounds  per  square  inch  ex- 
pended, without  any  water  being  raised  by  it.  If  steam  of 
twice  that  elastic  force  be  used,  it  will  elevate  a  column  in  f 
of  tliirty-lbur  feet  in  height;  and  if  tteam  of  triple  the  force 
be   used,  it  will   raise   a   column    uf  &txt}'-cight  feet  lugh, 
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which,  added  to  twenty-six  feet  raised  by  Uie  atmoepbcrey 
gives  a  total  lift  of  ninety-four  feet. 

In  efTectlDg  this,  steam  of  a  pressure  equal  to  thr«e  tinwa 
that  of  the  atmosphere  acts  on  the  inner  surface  of  the 
reasela  v  v'.  One  third  of  this  bursting  pressure  is  ba- 
lanced by  the  pressure  of  tlie  atmosphere  on  the  external 
surface  of  the  vessels ;  but  an  etfective  pressure  of  thirty 
pounds  per  square  inch  still  remains,  tending  to  burst  the 
veimels.  It  was  found  that  the  apparatus  could  not  he  con- 
structed to  bear  more  than  this  with  safety ;  and,  therefore, 
in  practice,  the  lif^  of  such  an  engine  was  limited  to  about 
ninety  perpendicular  feet.  In  order  to  raise  llic  water  from 
the  bottom  of  the  mine  by  these  engines,  therefore,  it  wu 
necessary  to  place  one  at  every  ninety  feet  of  the  depth ;  sol 
that  the  water  raised  by  one  through  the  first  nine^  feet 
should  be  received  iu  a  reservoir,  from  whicli  it  was  to  be 
elevated  the  next  ninety  feet  by  another,  and  so  on. 

Besides  this,  it  was  found  that  sufficient  strength  cuuld  not 
1>e  given  to  chose  engines,  if  constructed  upon  a  large  scale. 

They  were,  tlicrcforc,  necessarily  very  limited  in  llieir  di- 
mensions, and  were  incapable  of  raising  the  water  with  suffi- 
cient speed.  Hence  arose  a  necessity  for  several  engines  at 
each  level,  which  greatly  increased  the  expense. 

(35.)  These,  however,  were  not  the  only  defects  of  Savery's 
engines.  The  consumption  of  fuel  was  enormous,  the  propor- 
tion of  heat  wasted  being  much  more  than  what  was  used  in 
either  forcing  up  the  water,  or  producing  a  vacuum.  This 
will  be  very  easily  understood  by  attending  to  the  process  of 
working  the  engine  already  described. 

When  the  steam  is  firet  introduced  from  the  boiler  into 
the  steam  vessels  v  v',  preparatorj-  to  the  formation  of  a  va- 
cuum, it  is  necessary  that  it  should  heat  these  vessels  up  to 
the  temperature  of  the  steam  itself;  for  until  then  the  steam 
will  be  condensed  the  moment  it  enters  the  vessel  by  the 
cold  surface.  All  this  heat,  therefore,  spent  in  raising  the 
temperature  of  the  steam  vessels  is  wasted.  Again,  when  the 
water  lios  ascended  and  filled  the  vessels  v  v',  and  steam  is 
introduced  to  force  this  water  throtigh  b  d'  into  f,  it  is  im- 
mediately condensed  by  the  cold  surface  in  v  v',  and  does  not 
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begin  to  act  until  a  quantity  of  hot  water,  formed  by  con- 
densed steam,  Is  collected  on  the  surface  of  the  cold  water 
which  (UU  these  vessels.  Hence  another  source  of  the  waste 
of  beat  arises. 

When  the  steam  begins  to  act  upon  the  surface  of  the  water 
in  V  v',  and  to  force  it  down,  the  cold  surface  of  the  vessels 
is  gradually  exposed  to  the  steam,  and  must  be  heated  while 
the  steam  continues  its  action  ;  and  when  the  water  has  been 
forced  out  of  the  vessel,  the  vessel  itself  has  been  heated  to 
the  temperature  of  the  steam  which  fills  it,  all  which  heat  is 
dissipated  by  the  subsequent  process  of  condensation.  It 
must  thus  be  evident  that  the  steam  used  in  forcing  up  the 
the  water  in  f,  and  in  producing  a  vacuum,  bears  a  very  small 
proportion  indeed  to  what  is  consumed  in  heating  the  appa- 
ratus after  condensation. 

(36.)  There  is  also  another  circumstance  which  inGreaaes 
the  consumption  of  fuel.  The  water  must  be  forced  through 
B,  not  only  against  the  atmospheric  pressure,  but  also  against 
a  column  of  sixty-eight  feet  of  water.  Steam  is  therefore 
required  of  a  pressure  of  forty-five  pounds  on  the  square 
inch.  Consequently  the  water  in  the  boiler  must  be  boiled 
under  this  pressure.  That  this  should  take  place,  it  is  neces- 
sary that  the  water  should  be  raised  to  a  temperature  con- 
siderably above  212°,  even  so  high  as  275°;  and  thus  an  in- 
creased heat  must  be  given  to  the  boiler.  Independently  of 
the  other  defects,  this  intense  heat  weakened  and  gradually 
destroyed  the  apparatus. 

Savery  was  the  first  who  suggested  the  method  of  ex- 
pressing the  power  of  an  engine  with  reference  to  that  of 
horses.  In  this  comparison,  however,  he  supposed  each  horse 
to  work  but  eight  hours  a  day,  while  the  engine  works  for 
twenty-four  hours.  This  method  of  expressing  the  power  of 
steam  engines  will  be  explained  hereafter. 

(37.)  Tlie  failure  of  the  engines  proposed  by  Captain  Savery 
in  the  work  of  drainage,  from  the  causes  which  have  been 
jnst  mentioned,  and  the  increasing  necessity  for  effecting  this 
object,  arising  from  the  large  property  in  mines  which  became 
every  year  unproductive  by  being  iluuded,  ^itimulatcd  the  inge- 
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nuity  of  mechanics  to  contrive  some  means  of  rendering  those 
powers  of  stcBin  exhibited  in  Saverv's  engine  available. 

Thomas  Newcomciit  the  reputed  inventor  of  the  atmo- 
spheric engine,  was  an  ironmon^r,  or,  according  to  some,  a 
blacksmith,  in  the  town  of  Dartmouth  in  Devonshire.  From 
his  persona]  acqunintnnco  and  intercourec  with  Dr.  Hooke, 
the  celebrated  natural  plnlosophcr,  it  is  probable  that  he  was 
a  person  of  some  education,  and  therefore  likely  to  be  above 
the  position  of  a  blacksmith.  Being  in  the  habit  of  visiting 
the  tin  mines  in  Cornwall,  Newcomen  became  acquainted 
with  the  engine  invented  by  Savcry,  and  with  the  causes 
which  led  to  its  inefficiency  for  the  purposes  of  drainaga. 

It  has  been  stated  tliat  Papin,  about  the  year  1690,  pro> 
posed  the  construction  of  an  engine  working  by  the  atmo- 
spheric pressure  acting  on  one  side  of  a  piston  against  a 
vacuum  produced  by  the  condensation  of  steam  on  the  other 
side.  Papin  was  nut  conscious  of  the  importance  of  this 
principle ;  for,  so  far  from  ever  having  attempted  to  apply  it 
to  practical  purposes,  he  probably  never  constructed,  even  on 
a  small  scale,  any  machine  illustrating  it.  On  the  contrary, 
he  abandoned  the  project  the  moment  he  was  informed  of 
the  principle  and  structure  of  the  steam  i-ngine  of  Savcry ; 
and  he  then  proposed  an  engine  for  raising  water,  acting  by 
the  expansive  force  of  steam  similar  to  Savery's,  but  aban- 
doning the  method  of  working  by  a  vacuum. 

This  engine  is  described  by  Papin  in  a  work  published  in 
1707. 

A  {fig>  \S,)  is  an  oval  boiler,  having  a  safety-valve  b,  which 
limits  the  pressure  of  the  steam.  It  is  connected  with  a  cy- 
linder c,  by  a  curved  pipe  lm\*ing  a  stop-cock  at  i>.  A  pip«; 
with  n  stop-cock  G  opens  from  the  tup  of  the  cylinder  into 
the  atmosphere,  and  a  aafety-valve  p  is  placed  upon  the  cy- 
linder. A  hollow  copper  piston  il  moves  freely  in  the  cylin- 
der, and  floata  upon  the  water,  o  is  a  funnel  with  a  valve  L 
in  the  bottom,  opening  downwards,  through  which  the  cylin- 
der c  may  be  tilled  with  water  to  the  level  of  the  top  of  the 
funnel.  A  close  air-vessel  coinmuntcates  nnth  the  cylinder 
c  by  the  curved  tube,  and  has  a  valve  k  opening  upwards 
The  force-pipe  through  which  the  water  is  raised  communi- 
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cstes  wich  the  air-ressel  i.     If  the  cock  d  be  shac,  and  Uie 
cock  G  opened,  waler  poured  into  the  funnel  o  vrQI  rise  into 
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the  cylinder  c»  the  air  which  fills  the  cylinder  escaping 
through  the  open  pipe  g.  When  the  cylinder  is  thus  filled 
with  water,  let  the  cock  g  be  closed,  and  the  cock  d  opened. 
The  steam  from  the  boiler,  after  heating  the  metal  of  the 
cylinder,  will  force  the  piston  downwards,  and  drive  the  water 
tliruugh  the  curved  tube  into  the  vessel  i,  from  which  its  re- 
Cnm  is  prevented  by  the  valve  x,  which  is  closed  by  its 
weight.  The  air  which  filled  the  vessel  i  will  theu  be  com- 
pressed, and  by  its  elasticity  will  drive  a  column  of  water  up 
the  pipe  K.  After  the  contents  of  the  cylinder  have  been 
thus  discharged  it  may  be  refilled  ia  ihe  same  manner,  and 
tlie  process  repented. 

It  will  be  perceived  that  this  project  is  nothing  more  than  a 
reproduction  of  the  engine  of  the  Marquis  of  Worce-ster.  In 
the  preface  to  the  work  containing  this  description,  Papiu 
gives  an  extract  from  a  letter  addressed  by  him  to  Leibnitz 
in  lfi98,  from  which  it  appears  that  he  had  abandoned  his 
idea  of  working  the  piston  by  the  atmospheric  pressure  act- 
ing against  a  vacuum,  considering  it  to  be  a  contrivance  inferic 
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to  the  engine  now  described.  "  We  now  nuw  water," 
he  says,  "  hy  Hie  force  of  fire,  in  a  more  adecmlagt^ta 
manner  t/uin  that  which  I  had  pttbiUheni  MWW  yaorr  hefortj 
for  besides  the  suction,  we  now  also  use  the  pressure  which 
the  water  exerts  upon  other  bodies  in  dilating  itaelf  by  heat ; 
instead  of  which  1  before  employed  the  suction  only,  tlie  ef- 
fects of  which  arc  more  limited.** 

From  documents  wliich  have  been  preserved  in  the  Royal 
Society,  it  appears  that  Newcomen  was  acquainted  with 
Papin's  writings,  and  therefore  probably  first  derivc<l  from 
them  tho  suggestion  which  ho  subsequently  realised  in  the. 
atmospheric  engine.  Among  some  papers  of  Dr.  Hooke'a 
liavc  been  found  notes  for  the  use  of  Newcomen,  on  Papin's 
metho<l  of  transmitting  the  force  of  a  stream  or  fall  of  water 
to  a  distance  by  pipes.  Hookc  dissuaded  Newcomen  from 
attempting  any  machine  on  this  principle,  which,  as  first  pro- 
posed by  Papin,  was  impracticable.  Uc  exposed  the  fallacy 
of  Papin's  first  project  in  several  discourses  before  the  Royal . 
Society,  and  considered  his  improved  edition  of  it,  though 
from  fallacy,  as  impracticable. 

Papin's  project  for  producing  a  vacuum  under  a  piston  hy 
condensing  the  steam  having  been  published  in  the  AcUg\ 
£ruditorum,  iu  Latin,  in  1690,  and  in  French,  at  CaascI,  ia 
1695,  and  subsequently,  in  the  Philosophical  7\-antaeticHM^  in 
England  in  1697,  cannot  be  supposed  to  be  unknown  to  Dr. 
Hooke ;  and  if  known  to  him,  would  probably  have  been  com- 
municated to  Newcomen.  Dr.  Hookc  died  in  170<3,  some 
years  before  the  date  of  Newcomen's  invention. 

John  Cawley,  who  was  the  associate  of  Newcomen  in  his 
experiments  and  inquiries,  was  a  plumber  and  glazier  of  the 
same  town.  Newcomen  and  Cawley  obtained  a  patent  for  tlie 
atmospheric  engine  in  1705,  in  which  Savery  was  associated, 
he  having  previously  obtaiued  a  patent  for  the  method  of  pro- 
ducing Q  vacuum  by  the  condensation  of  steam,  which  was 
essential  to  Newcomen's  contrivance.  It  was  not,  however, 
until  about  the  year  1711  that  any  engine  had  been  con- 
structed under  this  patent. 

In  the  latter  end  of  that  year,  according  to  DesaguUers,  the 
patentees  "  made  proposals  to  drain  a  colliery  at  Ori0*,  in 


ATMOSI'HEHIC    ENGINE. 

Warwickiliire,  in  which  work  five  hundred  horses  were  oon- 
ttaotljr  employed.  This  proposal  not  being  accepted^  they 
contracted,  in  the  following  March,  to  drain  water  for  Mr. 
Bock  uf  Wolverhampton,  where,  after  many  laborious  at- 
tempts, they  succeeded  in  making  their  engine  work ;  but  not 
being 'either  philosophers  to  understand  the  reason,  or  ma- 
thematicians enough  to  calculate  the  power  and  proportions 
of  the  ports,  they  very  luckily,  by  accident,  found  what  they 
tought  for." 

NcwcomeD  resumed  the  old  method  uf  raising  the  water 
hom  Xhe  mines  by  ordinary  pumps,  but  conceived  the  idea 
of  working  these  pumps  by  some  moving  power  less  ex- 
pensive than  that  of  horses.  The  means  whereby  he  pro- 
posed effecting  this,  was  by  connecting  the  end  of  the 
pump-rod  d  (Jiff,  14.)  by  a  chain  with  the  arch  head  a  of  a 
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working-beam  a  b,  playing  on  an  axis  c>  The  other  arch 
head  b  or  this  beam  was  connected  by  a  chain  willi  the  rod 
E  of  a  solid  piston  p,  nliich  moved  air-liglit  in  a  cylinder  F. 
If  a  vacuum  be  created  beneath  tlie  piston  r,  the  atmospheric 
pressure  acting  upon  it  wiU  press  it  down  with  a  force  of 
fifteen  pounds  per  square  inch ;  and  the  end  A  of  the  beam 
being  thus  raised,  the  puntp-rod  d  will  bo  drawn  up.  If  ii 
pressure  equivalent  to  the  atmosphere  bo  then  introduced 
below  the  piston,  so  as  to  neutralise  the  downward  prcaaure, 
the  piston  will  be  in  a  state  of  indifFercncc  as  to  the  rising  or 
falling ;  and  if  in  this  case  the  rod  d  be  made  lieaner  than  the 
piston  and  its  rod,  so  as  to  overcome  tlie  friction,  it  will 
descend,  and  elevate  the  piston  again  to  the  top  of  the  cylin- 
der. The  vacuum  being  again  produced,  another  descent  of 
the  piston,  and  consequent  elevation  of  the  pump-rod,  will 
take  place ;  and  so  the  process  may  be  continued. 

Such  was  Xewcomen's  first  conception  of  the  atmospheric 
engine ;  and  the  contrivance  had  much,  even  at  the  first  view, 
to  recommend  it.  The  power  of  such  a  machine  would 
depend  entirely  on  the  magnitude  of  the  piston;  and  being 
independent  of  highly  elastic  steam,  would  not  expose  the 
materials  to  the  destructive  heat  which  was  necessary  for 
working  Savery's  engine.  Supposiug  a  perfect  vacuum  to 
be  produced  under  the  piston  in  the  cylinder,  an  eficctive 
downward  pressure  would  be  obtained,  amounting  to  fii\cea 
times  as  many  pounds  as  there  are  square  inches  in  the 
section  of  the  piston.*  Thus,  if  the  base  of  the  piston  were 
100  square  inches,  a  pressure  equal  to  1500  pounds  would 
be  obtained. 

(38.)  In  order  to  accomplish  this,  two  things  were  neces- 
sary :  1 .  To  make  a  speedy  and  effectual  vacuum  below  the 


*  As  the  calcublinn  of  ihc  power  of  an  engine  (le{iencli  vn  llio  number 
of  Mnuire  inchot  in  the  M-clion  of  the  i^nMon,  it  ma)  be  uscrul  tu  rire  S 
rule  Inr  romniitini;  the  tiiimUr  of  square  inrltcs  in  a  rirrle.  Them)low> 
inj;  rule  wiU  alwayx  give  the  dimcnsiotis  with  luffidcnl  uccancy :  — 
AtuJiipfy  tie  numier  tif  kmJta  is  tkt  tUamettr  /y  i/te/fi  dkide  the  prvdttct 
bif  14,  atut  muttiptjf  tAe  auotind  tkui  oMmned  t»i  \\,  and  Ike  renfl  *pt//  6e 
t'kr  number  t^  iqiunr  mt^es  m  thf  rirdr.  Thus,  if  ihcrc  t»e  I Z  inches  in  the 
diameter.  th»  multiplied  t>y  itself  gives  144,  whtih  divtilctl  h)  Ii  pve* 
tO,^.  whi^h  itiiiltiplied  hy  1 1  gives  I  l.'t.  iicglcrttng  fraelinni.  There  wr. 
ihcft-riirtf.  1 16  ■qiiiU'e iitcne*  in  a  circle  wIhim;  lUwiieter  U  li  iucheii. 
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piston  in  the  descent ;  and,  2.  To  contrive  a  counterpoise  for 
the  atmosphere  in  the  ascent. 

The  condensation  of  steam  immedintety  presented  itself  as 
the  most  effectual  means  of  acconiplishing  the  former ;  and 
the  elastic  force  of  the  same  steam  previous  to  condensation 
«n  obrious  method  of  effecting  the  latter.  Nothing  now 
remained  to  carry  the  design  into  execution,  but  tlie  con- 
trivance of  means  for  the  alternate  introduction  and  con- 
densation of  the  steam ;  and  Ncwcomen  and  Cawlcy  were 
accordingly  granted  a  patent  in  1707,  in  which  Savery  was 
united,  in  consequence  of  the  principle  of  condensation  for 
which  he  had  previously  received  a  patent  being  necessary  to 

[the  projected  machine.     Wc  shall  now  dcscriljc  the   atmo- 

^tpheric  enginfy  as  first  constructed  by  Newcomcn  ;  — 

The  boiler  k  (Jig.  11.)  is  placed  over  a  furnace  i,  the  Hue  of 
which  winds  round  it,  so  as  to  commanicate  heat  to  every  part 
of  the  bottom  of  iL  lu  the  tup,  which  is  fieniii;pherical,  two 
gauge-cocks  g  g'  arc  placed,  as  in  Savery's  engine,  and  a 
puppet  valve  v,  which  upens  upward,  and  is  loaded  at  one 

^ pound  per  square  inch;  so  that  when  the  steam  produced  in 
the  boiler  exceeds  the  pressure  of  the  atmosphere  by  more 
than  one  pound  on  the  square  inch,  the  valve  v  is  lifted,  and 
tiie  steam  escapes  tliruugh  it,  and  continues  to  escape  until 
its  pressure  is  sufficiently  diminished,  when  the  valve  v  again 
falls  into  its  seat.  This  valve  performs  the  office  of  the  safety- 
valve  in  modern  engines. 

The  great  steam-tube  is  represented  at  s,  which  conducts 

I  steam  from  the  boiler  to  the  cylinder;  and  a  feeding  pipe  t, 
furnislicd  with  a  cock,  which  is  opened  and  closed  at  pleasure, 
proceeds  from  a  cistern  l  to  the  boiler.     By  this  pipe  the 

ilwilcr  may  be  replenished  from  the  cistern,  when  the  gauge 
cock  o'  indicates  that  the  level  has  fallen  below  it.  The 
cistern  l  is  supplied  with  hot  water,  by  means  which  we  shall 

[presently  explain. 

(39.)  To  understand  the  mechanism  necessary  to  work  the 
piston,  let  us  consider  how  the  supply  and  condensation  of 
team  must  be  regulated.  When  the  piston  has  been  forced 
the  bottom  of  the  cylinder  by  the  atmospheric  pressure 
acting  against  a  vacuum,  in  order  to  balance  that  pressure, 
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And  enable  it  to  be  drawn  up  by  the  weight  of  the  pump-nKl, 
it  ia  necessary  to  introduce  steam  from  the  boiler.  This  is 
accomp1is)ied  by  opening  the  cock  n  in  the  steam  pipe  ■• 
The  steam  being  thus  introduced  from  the  boiler,  iU  pressure 
balances  the  aetion  of  the  atmosphere  upon  the  piston,  which 
is  immediately  drawn  to  the  top  of  the  cylinder  by  the 
weij^ht  of  thu  pump-rod  v.  It  then  becomes  necessary  to 
condense  this  steam,  in  order  to  produce  a  vacuum.  To 
accomplish  this,  the  further  supply  of  steam  must  be  cut 
off,  which  is  done  by  closing  the  cock  R.  The  supply  of 
steam  from  the  boiler  being  thus  suspended,  the  application 
of  culd  water  on  the  external  surface  of  the  cylinder  be- 
comes  neccssar}'  to  condense  the  steam  williin  it.  Tliis  wu 
done  by  enclosing  the  cylinder  within  another,  leaving  • 
space  between  them.*  Into  this  space  cold  water  was  allowed 
to  flow  from  a  cock  m  placed  over  it,  supplied  by  a  pipe  from 
the  cistern  n.  This  cistern  ia  supplied  witli  water  by  a 
pump  o,  which  i«  worked  by  the  engine. 

The  cold  water  supplied  from  m,  having  filled  tlie  space 
between  the  two  cylinders,  abstracts  the  heal  from  the  inner 
one;  and  condensing  the  steam,  produces  a  vacuunii  into 
which  the  piston  is  forced  by  the  atmospheric  presaure. 
Preparatory  to  the  next  descent,  the  water  which  tbos 
fills  the  apace  between  the  cylinders,  and  which  ia  wanned 
by  the  heat  abstracted  from  the  steam,  must  be  discharged. 
In  order  to  give  room  for  a  fresh  supply  of  cold  water 
from  H.  An  aperture,  furnished  with  a  cock,  is  accordingly 
provided  in  the  bottom  of  the  cylinder,  through  which  the 
water  is  discharged  into  the  cistcm  l;  and  being  warm,  a 
adapted  for  the  supply  of  the  boiler  through  r,  ts  alrea^ 
mentioned. 

The  cock  R  being  now  again  opened,  steam  is  admitted 
below  the  piston,  which,  as  before,  ascends,  and  the  descent 
is  again  accomplished  by  closing  the  cock  r,  and  opening  tlie 
cock  u,  admitting  cold  water  between  the  cylinders,  and 
thereby  condensing  the  steam  below  the  piston. 

The  condensed  steam,  thus  reduced  fo  water,  will  collect 


*  The  rstcriwl  cyUnJcr  m  itvt  rvprescnted  in  the  dd^nun 
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in  the  bottom  of  the  cylinder,  and  resist  the  descent  of  the 
pttton.  It  is  therefore,  necessary  to  provide  an  exit  for  it, 
rluch  is  done  by  a  valve  opening  outward*  into  a  tube  which 
'leads  to  the  feeding  ciutcrn  L,  into  which  the  condensed  steam 
is  driven. 

That  the  piston  should  continue  to  be  air-tight,  it  was 
necessary  to  keep  a  constant  supply  of  water  over  it ;  this 
was  done  by  a  cock  similar  to  M|  which  allowed  water  to 
flow  from  the  pipe  m  on  the  piston. 

( 4<).}  Soon  after  the  first  construction  of  these  engines,  au 
Accidental  circumstance  suggested  to  Newcoraen  a  much  bet- 
ter method  of  condensation  than  the  application  of  cold  water 
on  the  external  surface  of  the  cylinder.  An  engine  was 
observed  to  work  several  strokes  with  unusual  rapidity^  and 
,  without  the  regular  supply  of  the  condensing  water,  tlpon 
'examining  the  piston,  a  bole  was  found  in  it,  through  which 
the  water,  which  was  poured  on  to  keep  it  air-tight,  flowed, 
and  instantly  condensed  the  steam  under  it. 

Od  thb  suggestion  Newcomcn  abandoned  the  external 
cylinder,  and  introduced  a  pipe  ii,  furnished  with  a  cock  q, 
linto  the  bottom  of  the  cylinder,  so  that,  on  turning  the  cock, 
the  pressure  of  the  water  in  the  pipe  ii,  from  the  level  of  the 
water  in  tlic  cistern  n,  would  force  the  water  to  rise  as  a  jet 
into  the  cylinder,  and  would  instantly  condense  the  steam. 
This  method  of  condensing  by  injection  formed  a  very  import- 
ant improvement  in  the  engine,  and  is  still  used. 

(  41.)  Having  taken  a  general  view  of  the  ports  of  the  at- 
Onospheric  engine,  let  us  now  consider  more  particularly  its 
^«peratiuu. 

When  the  engine  is  not  working,  the  weight  of  the  pump- 
rod  o  (Jig.  Ii.)  draws  down  the  beam  a,  and  draws  the  piston  to 
the  top  of  the  cylinder,  wLeri*  it  rests.  Let  us  suppose  al]  the 
cocks  and  valves  closed,  and  the  boiler  filled  to  the  proper  depth , 
The  fire  being  lighted  beneath  it,  the  water  is  boiled  until  the 
tteam  actjuires  sufficient  force  to  lift  the  valve  v.  When  this 
place,  the  engine  may  be  started.  For  this  purpose  the 
egulating  valve  n  is  opened.  The  steam  rushes  in,  and  is  first 
Condensed  by  the  cold  cylinder.  After  a  short  time  the  cy- 
linder acquires  the  temperature  of  the  steam,  which  then 
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ceases  to  be  condensed,  and  mixes  with  the  air  which  filled 
the  cylinder.  The  steam  and  heated  air,  Iiaving  a  greater 
force  than  tlie  atmospheric  pressure,  will  open  a  valve  placed 
at  the  end  x  of  a  small  tube  in  the  bottom  of  the  cylinder, 
and  which  opens  outwards.  From  this  (which  is  called  the 
hloicing  ralre*)  the  steam  and  air  rush  in  a  constant  stream, 
until  all  the  air  has  been  expelled,  aiid  the  cylinder  is  filled 
with  the  pure  vapour  of  water.  This  proceos  is  called  bicwing 
the  engine  preparatory  to  starting  it. 

When  it  is  about  to  be  started,  the  engine-man  closes  the 
regulator  R,  and  thereby  suspends  the  supply  of  steam  from 
the  boiler.  At  the  same  time  he  opens  the  cotidenjiing  rn/w 
II  f ;  and  thereby  throws  up  a  jut  of  cold  water  into  the  cy- 
linder. This  immediately  condenses  the  steam  contained  in 
the  cylinder,  and  produces  the  vacuum.  (The  atmosphere 
cannot  enter  the  blowing  valve,  because  it  opens  outwards,  so 
that  no  air  can  enter  to  vitiate  the  vacuum.)  The  atmo- 
spheric pressure  above  the  piston  now  takes  effect,  and  forces 
it  down  in  the  cylinder.  The  descent  being  completed,  the 
engine-man  closes  the  condensing  valve  ii,  and  opens  the  r^ 
gulator  R.  By  this  means  he  stops  the  play  of  the  jet  within 
the  cylinder,  and  admitit  the  steam  (torn  the  boiler.  The  first 
effect  of  the  steam  is  to  expel  the  condensing  water  and  con- 
densed steam  w  hich  ore  collected  in  the  bottom  of  the  cylinder, 
through  the  tube  v,  containing  a  valve  which  opens  outicarda 
(called  the  eduction  vaivv),  which  leads  to  the  hot  cistern  L, 
into  which  this  water  is  therefore  dischai^d. 

When  the  steam  admitted  through  b  ceases  to  be  condensed, 
it  balances  the  atmospheric  pressure  above  the  piston,  and  thus 
permits  it  to  be  drawn  to  the  top  of  the  cylinder  by  the  weight 
of  the  rod  d.  This  Mcent  of  the  piston  is  also  assisted  by  the 
circumstance  of  the  steam  being  somewhat  stronger  than  the 
atmosphere. 

When  the  piston  has  reached  the  top,  the  regulating  valve 
|[  is  closed,  and  the  condensing  valve  ii  opened,  and  another 
descent  produced,  as  Iwfore,  and  so  the  process  is  continued. 

■  Also  railed  the  nj^Nnji;  valve,  from  tlic  peculiar  noise  nuuie  by  the 
tk  Md  steam  escaping  irmu  it. 

•f   Aho  called  the  hyntion  iWrr, 
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The  mnnipulation  necessary  in  working  this  engine  was, 
therefore,  the  aUcrnute  opening  and  closing  of  two  valves ;  the 
rrgulating  and  condensing  vaUes.  When  the  piston  reached 
the  lop  of  the  cylinder,  the  former  was  to  be  closed,  and  the 
latter  opened;  and,  on  reaching  the  bottom,  the  former  was 

;(0  be  opened,  and  the  latter  closed. 

(42.)  The  duty  of  working  the  engine  vequiriog  no  great 
amount  of  labour,  or  skill,  was  usually  entrusted  to  boys, 
called,  cork  hoys.  It  happened  that  one  of  the  most  im- 
portant improvements  which  has  ever  been  made  in  tJie  work- 
ing of  steam  engines  was  due  to  the  ingenuity  of  one  of  these 

.boys.     It  is  said  that  a  lad,  named  Humphrey  Pottxr,  was 

■employed  to  work  the  cocks  of  an  atmospheric  engine,  and 
being  tempted  to  escape  from  the  monotonous  drudgeiy  to 

;irhich  his  duty  confmed  him,  his  ingenuity  wan  sharpened  so 
to  prompt  him  to  devise  some  means  by  wliich  he  might 
imlulgc  his  disposition  to  pley  without  exjwBing  himself  to 

•She  couscqucnces  of  su8|K:nding  the  performance  of  the  en- 
gine. On  observing  the  alternate  ascending  and  descending 
motion  of  the  beam  above  him,  and  considering  it  in  reference 
to  the  labour  of  his  own  hands,  in  alternately  raising  and 
lowering  the  levers  which  governed  the  cocks,  he  perceived  a 
relation  )^hich  served  as  a  clue  to  a  simple  contrivance,  by 
which  the  steam  engine,  for  the  first  time,  became  an  auto- 
maton. When  the  beam  arrived  at  the  top  of  its  play^  it  was 
necessary  to  open  the  steam  valve  by  raising  a  lever,  and  to 
close  the  injection  valve  by  raising  another.  This  he  saw 
could  be  accomplished  by  attaching  strings  of  proper  length 
to  these  levers,  and  tying  them  to  some  part  of  the  beam. 
These  levers  required  to  be  moved  in  the  opposite  direction 
when  the  beam  attained  the  lowest  point  of  its  play.  This 
he  saw  could  be  accomplished  by  strings,  either  connected 
with  the  outer  arm  of  the  beam,  or  conducted  over  rods  or 
pulleys.  In  short,  he  contrived  means  of  so  connecting  the 
levers  which  governed  the  two  cocks  by  strings  with  the 
beam,  that  the  beam  opened  and  closed  these  cocks  with  the 
most  perfect  regularity  and  certainty  as  it  moved  upwards 
and  downwards. 

Besides  rendering  the  machine  independent  of  manual  su- 
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perintendence^  this  process  conferred  upon  it  much  greater 
regularity  of  performance  than  any  manual  superintendenc* 
could  ensure. 

Thia  contrivance  of  Potter  was  very  soon  improved  by  the 
substitution  of  a  bar,  called  a  plu^  frame,  which  was  nt»- 
pended  from  the  arm  of  the  bcnnij  and  which  carried  upon  it 
pins,  by  which  the  arms  of  the  levers  governing  the  cocks 
were  struck  as  the  plug-frame  ascended  and  descended^  so  a» 
to  be  opened  and  closed  at  the  proper  times. 

The  engine  thus  improved  required  no  other  attendanco 
except  to  feed  the  boiler  occasionally  by  the  cock  t^  and  to 
attend  the  (umace. 

{•^^.)  However  the  merit  of  the  discovery  of  the  physical 
principles  on  which  the  mechanical  application  of  steam  de- 
pends may  be  awarded,  it  must  be  admitted  that  the  engina 
contrived  by  Newcomen  and  his  associates,  considered  as  a 
practical  macliine,  was  immeasurably  superior  to  that  wliich 
preceded  it;  superior,  indeed,  to  such  a  degree,  that  white  the 
one  was  incapable  of  any  permanently  useful  application,  the 
other  soon  became  a  machine  of  extensive  utility  in  the 
drainage  of  mines;  and,  even  at  the  present  time,  the  atmo- 
spheric engine  is  not  unfrcquently  used  in  preference  to  the 
modem  steam  engine,  in  districts  where  fuel  is  abundant 
and  cheap;  the  expense  of  constructing  and  maintaining  it 
being  considerably  less  than  that  of  an  improved  steam  en- 
gine. The  low  pressure  of  the  steam  used  in  working 
it,  rendered  it  perfectly  safe.  While  Savery's  engine,  to 
work  with  effect,  required  that  the  steam  confined  in  tlie 
vessels  should  have  a  bunting  pressure  amounting  to  about 
thirty  pounds  per  square  inch,  the  pressure  of  steam  in  iho 
boiler  and  cylinder  of  the  atmospheric  engine  required  only 
a  pressure  about  one  pound  per  square  inch.  The  high 
pressure  also  of  the  steam  used  in  Savery's  engine,  wa«  ne- 
cessarily accompanied,  as  wo  shall  presently  explain,  by  m 
greatly  increased  temperature.  The  effect  of  this  was,  to 
weaken  and  gradually  destroy  the  vessels,  especially  thoaa 
whichf  like  the  steam  vessels  v  and  v'  {Jig,  12.),  were  alter- 
nately heated  and  cooled. 

Besides  these  defects,  the  power  of  Savery's  engine*  waa 
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also  very  restricted,  both  os  to  the  quantity  of  water  raised 
and  as  to  the  height  to  which  it  was  elevated.  On  the  other 
hand»  the  atmospheric  engine  was  limited  in  its  power  only 
bj  the  dimensions  of  its  piston.  Another  conslderablo 
adrantage  which  the  atmosplicric  engine  possessed  over  that 
of  Savery,  was  the  facility  with  which  it  was  capable  of 
driving  machinery  by  means  of  the  working-beam.  The 
merit,  however,  of  Newcomen'a  engine,  regarded  as  an  in- 
Tention,  and  apart  from  merely  practical  considerations,  must 
be  ascribed  principally  to  its  mechanism  and  comhinationa. 
"We  find  in  it  no  new  principle,  and  scarcely  even  a  novel 
application  of  a  principle.  The  agency  of  the  atmospheric 
presmre  acting  against  a  vacuum,  or  partial  vacuum,  had 
been  long  known;  the  method  of  producing  a  vacuum  by 
the  condensation  of  steam  had  been  suggested  by  Papiu,  and 
carried  into  practical  effect  by  Savery.  The  niechanical 
power  obtained  from  the  direct  pressure  of  the  clastic  force 
of  steam,  used  in  the  atmospheric  engine  to  balance  the 
atmosphere  during  the  ascent  of  the  piston,  was  sug- 
gested by  De  Caus  and  Lord  Worcester.  The  boiler, 
gauge  pipes,  and  the  regulator,  were  all  borrowed  from 
the  engine  of  Savery.  The  idea  of  using  the  atmospheric 
pressure  against  a  vacuum  or  partial  vacuum,  to  work  a 
piston  in  a  cylinder,  had  been  suggested  by  Otto  Guericke, 
an  ingenious  German  philosopher,  who  invented  the  air- 
pump  ;  and  this,  combined  with  the  production  of  a  vacuum 
by  the  condensation  of  steam,  was  subsequently  suggested 
by  Papin.  The  use  of  a  working-beam  could  not  have  been 
unknown.  Nevertheless,  the  judiciotia  combination  of  tliese 
scattered  principles  roust  be  acknowledged  to  deserve  con- 
siderable credit.  In  fact,  the  mechanism  contrived  by  New- 
comen  rendered  a  machine  which  was  before  altogether 
inefficient,  highly  efficient :  and,  as  observed  by  Tredgold, 
such  a  result,  considered  in  a  practical  sense,  should  be  mure 
highly  valued  than  the  fortuitous  discovery  of  a  physical 
principle.  The  method  of  condensing  the  steam  by  the 
sudden  injection  of  water,  and  of  expelling  the  air  and  water 
from  the  cylinder  by  the  injection  of  steam,  are  two  con- 
trivances not  before  in  use,  which  arc  quite  essential  to  the 
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CHAP.  III. 


''VHOCRUS  Of  TH8  ATMOSPHERIC  ENUINK. SMEATON's  IHPROVRUByTS. 

BIttNDLEY,    EST.1NEKR    OV   TIIE    DBIUGEW ATER    CANAL. INVENTS   THE 

%EI.P>REGt'I.ATtNU      PRKDKR.  —  JAMES     WATT.  ^  ni3      DESCENT      AND 

FARKNTACB. ANECDOTES    OP    Tll<l    BOYUOOD.  —  HIS    RARLY    ACClCIRB- 

MENTS.^HiORS  TO    tONDON.  —  RETURNS  TO  GLASGOW. IB  APPOINTED 

tWSTRCUENT-HAKER    TO    THP.    IfNIVRRSITY. —  OPENS    A   SHOP    IN    GLAS- 

liOVe.  —  QIS    PRIENDa    AND    PATRONS. AUAU    SHITU. DR.    BLACK. 

ROBERT  StMSOM.  —  PROPB»SOR  R03ISON. WATt's  PERSONAL  CIIARAC- 

TKR.  —  INDUSTRIOUS   AND  STUDIOUS    HABITB.  —  BIS    ATTENTION    FIRST 

DIRBCTEO   TO   STEAM. GXPERIIICNTS    ON    HIUH-PRESSCRE    STEAU. — 

REPAIRS    AN    ATXUSPUBRIC     MODEL. — RXPERIUENTAI.     INQUIRY     CON- 

SBqtBKT    OS    THIS. ITS  RESVLTS.  DIbCUVEBS  TUB  GREAT  DEPUCTS 

DP  THE  ATaiO<tPIIERtr  ENOINR.  —  DISCOVERY  BY  BKPERIKEST  OP  THI 
EXPANSION  VTHirH  WATER  UNDKRiloKfl  IN  FVAPORT ATION.  —  DISCO* 
VERS  THE  LATENT  HEAT  OF  STEAM.  —  IS  INP<iHMED  BY  DR.  BLACK  OP 
THE   TBSORV    OF    LATENT    HEAT. 

^44.)  TuE  atmospheric  engine  was  brouglit  to  a  state  of  con- 
lerable  efficiency  and  improvement  by  Mr.  Beighton,  in  1718. 
rum  that  time  it  continued  in  use  without  any  change  in  its 
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principle,  and  with  little  improvement  in  its  stracturc,  for 
half  a  century.  Altliougb  engines  of  tliis  kind  coDtinucd 
to  be  extensively  constructed,  they  were  usually  executed 
by  ordinary  mcchojiics,  incapable  of  applying  to  them  the 
just  principles  of  practical  science ;  and,  consequently.  Little 
attention  was  paid  to  their  proportions.  It  was  not  until 
about  the  year  17T3,  tliat  Mr.  John  Smeaton,  the  cele- 
brated engineer,  applied  the  powers  of  his  mind  to  the  inm«< 
ti^tion  of  this  machine,  as  he  had  pre\'iously  done  with  such 
success  to  wind  and  water  mills.  Although  he  did  not  in- 
troduce any  new  principle  into  the  atmospheric  engine,  yet 
it  derived  greatly  augmented  power  from  the  proiwrtiout 
which  lie  established  for  engines  of  dilTerent  magnitudes. 

Id  1759,  Mr.  James  Bnndlcy,  whose  name  is  so  celebrated 
u  the  engineer  of  the  Duke  of  Bridgewater*s  canal,  obtained, 
■  patent  for  some  improvements  in  tbe  atmospheric  engine. 
Ho  proposed  tliat  the  boiler  should  be  made  of  wood  andi 
stone,  with  a  stove  or  fire-place  of  cast  iron  within  it,  so  t)iae 
the  fire  should  be  surrounded  on  every  side  by  water.  The 
chimney  was  to  be  an  iron  pipe  or  tube,  conducted  through 
the  boiler;  so  that  the  heated  air,  in  passing  from  the  fire, 
should  impart  a  portion  of  its  heat  to  the  water.  He  also 
proposed  a  method  of  feeding  the  boiler,  which,  by  self-acting 
machinery,  would  keep  the  water  in  the  boiler  at  a  fixed  level, 
independently  of  any  attention  on  tbe  part  of  the  engine-man. 
This  was  to  be  accomplished  by  a  buoy  or  float  upon  the  sur- 
fiwo  of  the  water  in  the  boiler,  which  should  coniniunicale 
with  a  valve  in  tbe  feed-pipe,  so  tliat  when  the  level  of  the 
water  in  the  boiler  fell,  the  float  or  buoy,  falling  with  it,  would 
open  the  valve  and  supply  tbe  feed.  It  is  stated,  in  the 
Bioyraph'm  Bntanmctif  that  Mr.  Brindley,  in  175(1,  under- 
took to  erect  an  engine  at  Ncwcastle-under-Lyne  ;  but  he  is 
•aid  to  have  been  lUscouroged  by  the  obstacles  which  were 
thrown  in  his  way,  and  to  have  abandoned  the  it 
cugiiie. 

The  interval  between  the  invention  of  the  atmospheric 
en^ae,  and  the  amelioration  it  received  at  the  hands  of 
Smeaton,  has  been  rendered  memorable  by  the  advent  of  one 
who  vtM  destined  to  work  a  mighty  change  in  the  condition 
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of  the  human  race  by  the  application  of  his  vast  genius  to 
the  adaptation  of  steam  power  to  the  uses  of  life. 

(45.)  James  Watt  was  born  at  Greenock,  in  Scotland,  on 
the  nineteenth  day  of  January,  in  the  year  17J6.* 

The  great-grandfather  of  Watt,  a  farmer  in  Aberdeenshire, 
was  killed  in  one  of  the  battles  of  Montrose.  The  Ticto- 
rious  party,  not  tliinking^  death  a  suJiicient  expiation  fur  the 
political  opinions  in  support  of  which  he  had  fought  and  bledf 
punished  him  in  the  person  of  his  son,  by  confiscating  his 
little  property.  Thomas  Watt,  the  son,  thus  deprived  of 
support,  was  received  by  distant  relations,  and,  for  a  time, 
applied  himself  to  study,  by  which  he  ^ras  enabled,  after  the 
restoration  of  tranquillity,  to  establish  himself  at  Greenock 
as  a  teacher  of  practical  mathematics  and  navigation.  He 
resided  in  the  burgh  or  barony  of  Crawford's  Dyke,  and  at- 
tained a  position  of  sufficient  respectability  to  be  elected  to 
the  office  of  haron-baitlie,  or  chief  magistrate,  and  died  in 
1734,  at  the  advanced  age  of  ninety-two  years, 

Thomas  Watt  had  two  sons.  The  elder,  John,  adopted 
the  profession  of  his  father,  and  was  a  teacher  of  mathematics 
and  navigation  at  Glasgow:  he  died  in  1737,  at  the  age 
of  fifty  years.  The  second  son,  James,  the  father  of  the 
celebrated  engineer,  was,  during  a  quarter  of  a  century, 
treasurer  of  the  town  council  of  Greenock,  and  a  local  ma- 
gistrate. He  was  remarked  fur  the  ardent  zeal  and  enlightened 
spirit  with  which  he  discharged  his  public  duties.  His  busi- 
new  was  that  of  a  ahip-chandtbr,  builder,  and  general  mer- 
chant ;  but,  unhappily,  notwithstanding  his  active  industry,  he 
lost,  in  the  decline  uf  his  life,  by  unsuccessful  commercial  spi>- 
culations,  a  part  of  the  property  which  he  had  so  honourably 
acquired.    He  died  in  1782,  at  the  age  of  eighty-four  years. 

Jauils  Watt,  to  whom  the  world  is  so  largely  indebted  for 
the  extension  and  improvement  of  steam  power,  had  from  his 
birth  an  extremely  delicate  constitution.     From  liis  mother, 

•  Wc  are  in  Jebtcd  for  many  of  the  anecdotic  of  the  life  of  Watt  to  the 
Eioge  Hufori<jHc,  recently  published  by  M.  Amgu,  who.  was  furnished 
with  oil  the  docuincnlB  and  circuniHtatict-s  relating  to  this  c(!ld>rat«l  pep- 
son  Mrhich  wcr(!  (Tonsklereil  proper  for  puhli cation,  hy  his  son,  the  preaent 
Jamcn  Watt,  K^q.,  of  Aslon  Hitll,  nenr  llirminghisin.  and  to  the  noten 
added  to  this  memoir  by  Mr.  Muirbead,  a  relative  of  Mr.  Watt. 
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whose  family  name  was  Moirhcad,  he  received  his  firsi  Icssuiu 
ill  reading,  and  he  learned  irom  bis  father  writing  and  arith- 
metic. Although  ho  was  entered  as  a  pupil  in  the  grninmnr 
school  of  Greenock,  yet  such  was  bis  delicate  state  of  bcaltbi 
that  his  attendance  there  was  so  interrupted  by  constant  in- 
disposition that  he  could  derive  but  little  benefit  from  the 
opportunities  of  instruction  which  it  alforded.  For  a  great 
period  of  the  year  he  was  confined  to  his  room,  where  he  de- 
voted himself  to  study  without  the  aid  of  instruction.  It  was 
in  the  retirement  of  the  sick  chamber  that  the  high  intel- 
lectual faculties  of  Watt,  which  were  destiucd  to  produce  such 
precious  fruits,  began  to  unfold  themselves.  1\q  was  too 
sickly  to  be  subjected  to  the  restraints  which  the  business  of 
education  tisually  imposes  on  children.  His  parents,  there- 
fore, found  it  necessaiy  to  leave  him  at  liberty  to  choose  his 
occupations  and  amusements.  The  following  anecdotes  will 
ihuw  the  use  he  made  of  this  freedom. 

A  friend  of  hb  father  found  the  boy  one  day  stretched  upon 
the  hearth  tracing  with  chalk  various  lines  and  angles.  "  Why 
do  you  permit  this  child,"  said  he,  "  to  waste  his  time  so ; 
why  not  send  him  to  school  *  "  Mr.  Watt  replied,  "  You  judge 
him  hastily ;  before  you  condemn  us,  ascertain  how  he  is  em- 
pitted."  On  examining  the  boy,  then  six  years  of  age,  it 
was  found  that  he  was  engaged  in  the  solution  of  a  problem 
of  Euclid  t 

Having  observed  the  tendency  of  his  son's  mind,  Mr.  Watt 
placed  at  his  disposal  a  collection  of  tools.  These  he  aooa 
learned  to  use  with  the  greatest  skill.  He  took  to  pieces  and 
put  together,  again  and  again,  all  the  children's  toys  which  he 
could  procure;  and  he  was  constantly  employed  in  making 
new  ones.  Subsequently  he  used  his  tools  in  constructing  a 
little  electrical  mactilne,  the  sparks  proceeding  from  which 
became  a  great  subject  of  amusement  to  all  the  playfellows 
of  the  poor  invalid. 

Though  endowed  with  great  retentive  powers.  Watt  would 
probably  never  have  figured  among  the  prodigies  of  a  com- 
mon K'hool :  he  would  have  been  slow  to  commit  his  lessons 
to  memnr}',  from  the  repugnance  which  he  would  feel  to 
repeat  like  a  parrot  anything  which   he  did  not  |K'rfectly 


ANECDOTES    OF    WATT's    BOYHOOD. 


79 


understand.  The  natural  tendency  of  his  miad  to  meditate 
on  whatever  came  before  it,  would  give  him,  to  superficial 
jobeervers,  the  appearance  of  dullness.  Happily,  however,  be 
a  parent  who  was  sufficiently  clear-sighted,  and  who  en- 
tertained high  hopes  of  the  growing  faculties  of  his  son.  More 
distant  and  less  sagacious  relations  were  not  »o  sanguine. 
One  day  Mrs.  Muirhead,  the  aunt  of  the  boy,  reproaching 
him  for  wh&t  she  conceived  to  be  listless  idleness,  desired 
,  him  to  take  a  book  and  occupy  himself  usefully.  *'  More  than 
an  hour  has  now  passed  away,"  said  she,  *' and  you  havo  not 
Uttered  a  single  word.  Do  you  know  what  you  have  been  doing 
all  this  time?  You  have  taken  oil,  and  put  on,  repeatedly,  the 
lid  of  the  tea-pot ;  you  have  been  holding  the  saucers  and 
the  spoons  over  the  steam,  and  you  have  been  endeavouring  to 
catch  the  drops  of  water  formed  on  them  by  the  vapour.  Is  it 
not  a  aliame  for  you  to  waste  your  time  so?  " 

Mrs.  Muirhead  was  little  aware  that  tliis  was  the  first  ex- 
periment in  the  splendid  career  of  discovery  which  was  sub- 
sequently to  immortalise  her  bttle  nephew.  She  did  not  sec, 
aawe  now  can,  in  the  little  boy  playing  with  the  tea-pot,  the 
I  great  engineer  preluding  to  those  discoveries  which  were  des- 
tined to  confer  on  mankind  benefits  so  inestimable. 

One  of  the  social  qualities  of  mind  wliieli  was  remarkable 

throughout  his  life,  was  the  singular  felicity  and  grace  with 

rhich  he  related  anecdotes.     This  power  was  manifested  even 

^ia  his  earliest  childhood.     Tbe  following  is  an  extract  from  a 

letter  written  by  Mrs.  Marion  Campbell,  his  cousin,  and  the 

playfellow  of  his  childhood ;  — 

He  was  not  fourteen  when  his  mother  brought  liim  to 
LOlaagow  to  visit  a  friend  of  hers  ;  his  brother  John  accom- 
panied him.  On  Mrs.  Watt's  return  to  Glasgow,  some  weeks 
after,  her  friend  said,  "  You  must  take  your  son  James  home; 
I  cannot  stand  the  degree  of  excitement  he  keeps  me  in  ;  I 
am  worn  out  for  want  of  sleep.  Every  evening  before  ten 
o'clock,  our  usual  hour  of  retiring  to  rest,  he  contrives  to 
Rmgage  me  in  conversation,  then  begins  some  striking  talc, 
and,  whether  humorous  or  pathetic,  the  interest  is  so  over- 
powering that  the  family  all  listen  to  him  witti  breathless 
lUtention,  and  hour  after  hour  strikes  unheeded." 
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Watt  had  a  jounger  brother,  Jolin,  who  was  subsequcntljr 
lost  by  shipwreck,  in  a  voyage  from  Scotland  to  the  United 
States.  This  lud,  having  determined  ou  fuUowing  the  busineas 
of  )m  iather,  left  James  more  completely  at  liberty  tu  cboots 
his  own  occupation.  But  such  a  choice  waa  difficult  lor  a 
student  who  comniBuded  equal  success  in  OTery  thing  to  wl 
be  directed  his  attciUiuu. 

The  excursions  which  ho  was  in  the  habit  of  making  on  tlie 
Scottish  mountains  surrounding  Loch  Lomond,  naturally  di- 
rected his  attention  to  botany  and  mineralogy,  in  each  of 
which  he  attained  considerable  knowledge.  Uia  love  of  ane^ 
dote  and  romance  wtu  likewise  gratified  by  the  scenery  which 
ho  enjoyed  in  these  walks ;  and  the  traditions  and  popular 
aongs  with  which  they  made  him  acquainted.  When  from  ill* 
health,  oa  constantly  happened,  he  was  confined  to  the  house, 
he  devoted  hini$elf  to  chemistry,  natural  philosophy,  and  even 
to  medicine  and  surgery.  In  chemistry*  he  acquired  some  ex- 
perimental skill,  and  studied  with  eager  zeal  the  elements  of 
natural  philosophy  by  S'.  Qraresande.  Ilia  own  unhappy  ma- 
ladies prompted  him  to  road  works  un  surgery  and  medicine ; 
and  to  such  an  extent  did  the  activity  of  his  miud  impel  him 
on  these  subjects,  that  be  was  found  one  day  dissecting,  in  his 
room,  the  head  of  a  child,  who  had  died  of  some  unknown 
disease,  with  ft  view  to  ascertain  tlic  cause  of  its  death. 

In  1775,  at  the  age  of  nineteen,  at  the  recommendation  oi 
Dr.  Dick,  professor  of  natural  philosophy  in  tlie  university 
of  Glai^ow,  he  went  to  London,  where  he  employed  hims^ 
in  the  house  of  Mr.  John  Morgan,  a  mathematical  instru- 
ment maker,  in  Finch  Lane,  Cornbill,  to  whom  he  appren- 
ticed.  himself  for  three  years.  He  remained,  however,  only 
a  year,  at  tlie  expiration  of  which  (probably  owing  to  hta 
delicate  state  of  health)  ho  was  released  from  his  appren- 
ticeship, and  returned  to  Glasgow,  with  the  intention  of 
establishing  himself  in  business  as  an  optician  and  matlie- 
matical  instrument  maker.  In  the  fulfilment  of  this  in- 
tention, however,  he  was  obstructed  by  the  interposition  of 
the  Corporation  of  Trades  in  that  town,  who  regarded  hini 
as  an  intruder,  not  qualified  by  the  necessary  apprenticeship 
to  carry  on  business.     All  means  of  conciliation  being  ex- 


WATT  S    EARLY    FRIENDS. 


81 


hausted,  the  Professors  of  the  University'  interfered,  and  ^m 
him  the  use  of  three  apartments  within  the  college,  for  carry- 
ing ou  his  busiuL-33,  and  likewise  appointed  him  mattieinatlcal 
instrument  maker  to  the  University,  Soon  afterwards  the 
opposition  of  the  local  trades  seems  to  have  given  way,  and 
he  opened  a  shop  in  Glasgow  for  the  sale  of  mathematical 
instruments. 

After  the  celebrity  at  which  he  has  arrived,  it  will  be  easily 
believed  that  every  trace  of  his  earlier  connection  with  Glas- 
gow college  is  carefully  cherished.  There  are  accordingly 
preserved  at  that  place  little  instruments  and  pieces  of  appa- 
ratus of  exquisite  workmanship,  which  were  executed  entirely 
by  the  hand  of  Watt,  at  a  time  when  he  was  not  in  a  con- 
dition to  command  the  aid  of  workmen  under  him. 

At  the  time  of  obtaining  this  appointment  in  the  Uni- 
versity, Watt  was  in  his  tweutj'-first  year,  llis  natural 
talents  and  winning  manners  were  speedily  the  means  of 
gaining  for  him  the  esteem  and  friendship  of  all  those  emi- 
nent persons  connected  at  the  time  with  that  university 
whose  regard  was  moat  valued.  Among  these  the  earliest  of 
his  friends  and  patrons  were  —  Adam  Smith,  the  author  of 
"  The  Wealth  of  Nations  ;"  Black,  afterwards  celebrated  for 
his  chemical  discoveries,  and  more  especially  for  his  theory  of 
latent  heat;  and  Bx>bert  Simson,  rendered  illustrious  by  hia 
works  on  ancient  geometry.  In  releasing  Watt  from  tho 
j>orsecution  of  the  Glasgow  corporation,  these  distinguished 
j>eraons  first  imagined  that  they  were  conferring  a  benefit 
merely  on  an  industrious  and  clever  artisan,  whose  engaging 
manners  won  tlieir  regard;  but  a  short  acquaintance  with 
him  was  sufficient  to  convince  them  how  superior  his  mind 
traa  to  his  position,  and  they  conceived  towards  him  the  most 
lively  friendship.  Hia  shop  became  the  common  rendezvous, 
the  afternoon  lounge,  of  all  who  were  most  distinguished 
for  literary  and  scientific  attainments  among  the  professors 
and  students.  There  they  met  to  discuss  the  topics  of  the 
day  iu  art,  science,  and  literature.  Among  these  students, 
the  name  which  afterwards  attained  the  highest  distinctions, 
and  among  these  distinctious,  not  the  least,  the  lusting  per- 
sonal friendship  and  esteem  of  Watt  himself,  was  Robison, 
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the.  BUtlior  of  a  well  known  work  on  Mechftnics,  and  one  of 
the  contributors  to  the  Encyclopedia  Britaunica. 

The  following  extract  from  an  unpublished  manuscript  by 
Hobitton  himBelf  will  show  at  once  the  estimation  in  which 
Watt  wa»  held,  and  will  illustrate  one  of  the  most  interesting 
traits  of  his  personal  character  :  — 

"  I  had  always,  from  my  earliest  youth,  a  great  relish  for  the 
natural  sciences, and  particularly  formathematical  and  mechani- 
cal philosophy,  when  I  was  introduced  by  Drs.  Simson,  Dick, 
axid  Mmir,  gentlemen  eminent  for  their  mathematlcul  abilities, 
to  Mr. Watt,  I  saw  a  workman,  and  expected  no  more  ;  but 
wai  aurprised  to  find  a  philosopher  as  young  as  myself,  and 
■Iways  ready  to  instruct  me.  I  had  the  vanity  to  iJiink 
myself  a  pretty  good  proficient  in  my  favourite  study,  and  was 
rather  mortified  at  finding  Mr.  Watt  so  much  my  superior. 
....  NVHiencver  any  puzzle  eamc  in  the  way  of  any  of  the 
young  students,  we  went  to  Mr.  Watt.  He  needed  only  to  be 
prompted,  for  every  thing  became  to  liim  the  bepinning  of  « 
new  and  serious  study,  and  we  knew  tliat  he  would  not  quit  it 
till  be  had  either  discovered  its  insignificancy,  or  had  made 
something  of  it.  He  leanit  the  Gennan  language  in  order 
to  i>eru*e  LeujKiId's  '  Theatrum  Machiuorum;'  so  did  I,  to 
know  wlmt  he  was  about.  Similar  reasons  made  us  both  Icam 
the  Italian  language.  •  •  •  When  to  his  superinrity 
of  knowlrdgi*  is  added  the  naive  simplicity  and  candour  of 
Mr.  Watt's  character,  it  is  no  wonder  thai  the  attachment  of 
his  acquaiutancev  was  strong.  I  have  seen  something  of  the 
world,  and  am  obliged  to  say  I  never  saw  such  another  in- 
stance of  general  ami  cordial  attachment  to  a  prrvon  whom 
all  acknowledged  to  be  their  Nupcrior.  But  that  sujteriority 
was  concealed  under  the  moHt  amiable  candour,  and  a  liberal 
allowance  of  merit  to  every  man.  Mr.  Walt  was  tlie  first  to 
ascribe  to  tlie  ingenuity  of  a  friend  things  which  were  nothing 
but  his  own  surmises,  followed  out  and  embtxlied  by  onutbcr. 
I  am  tlie  more  entitled  to  say  this,  as  I  have  often  expe- 
rienced it  in  my  own  cnse." 

Walt  never  permitted  the  inquiries  which  arose  out  of 
these  reunions  to  interfere  with  the  discharge  of  the  duties 
of  his   workshop.      There  he  passed  the  day,  dcvotii^  Uie 
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night  to  study.  Kvery  inquiry  appeared  to  him  to  bo  .at- 
tnctive  in  proportion  to  its  difficulty,  and  to  have  charms 
in  proportioa  as  it  was  removed  from  the  common  routine 
of  his  business.  As  an  example  of  this  may  be  mentioned 
the  fact,  that,  being  himself  so  iusensiblc  to  tlie  charms  of 
music  that  he  couUl  not  disting^tiish  one  note  from  another, 
he  was  actually  induced  to  uudcrtukc  the  coiistrucUoa  of  an 
oigan,  in  which  he  was  nevertheless  completely  successful.  The 
iiulrument  he  constructed,  as  niiglit  tmvc  been  expected,  con- 
tained many  improvements  in  itJt  mechanism  ;  but  what  is  much 
more  remarkable,  its  tone  and  its  musical  qualities  commanded 
the  admiration  of  all  the  professional  musicians  who  heard 
it.  la  the  construction  of  this  instrument  Watt  showed  that 
vigorous  spirit  of  investigation  which  characterised  all  the 
subsequent  labours  of  his  life.  He  made  out  the  scale  of 
temperament  by  the  aid  of  the  phenomena  of  beats,  of 
which  he  could  only  obtain  a  knowledge  by  a  profound  but 
■obscure   work    published    by  Dr.  Robert   Smith    of  Cam- 

iridge. 

The  earliest  occasion  on  which  the  attention  of  Watt  is 
lid  to  have  been  called  to  the  agency  of  steam,  was  in  the 

rear  1759,  when  his  &iend  Rohison  entertained  some  specu- 
lations for  applying  that  agent  as  a  means  of  propelling 
wheel  carriages ;  and  he  consulted  Watt  on  the  subject. 
No  record,  however,  has  been  preserved  of  any  experiments 
which  were  tried  on  this  occasion ;  nor  does  it  appear  that  the 
inquiry  was  carried  farther  than  a  verbal  discussion,  such  as 
habitually  took  place  on  other  subjects  of  science  between 
Watt  and  his  friends, 

(46.)  In  1762,  Watt  tried  some  experiments  on  the  force  of 
steam  at  a  high  pressure,  confined  lu  a  close  digester;  and 
he  then  constructed  a  small  model  to  show  how  motion  could 
be  obtained  from  that  power.  The  practicability  of  what  has 
tince  been  called  the  High  Prexsure  Kngine,  was  demonstrated 
by  him  on  this  occasion  -,  but  he  did  not  pursue  the  inquiry, 
on  account  of  the  supposed  danger  of  working  with  such 
compressed  steam  as  was  required. 

It  is  usual  to  provide,  in  the  cabinets  of  experimental  ap- 
paratus for  the  instruction  of  the  students  of  universities^ 
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small  working  models  of  the  most  useful  machines.  Tn  tho 
collection  for  the  illustration  of  the  lectures  delivered  to  the 
Natural  Philosophy  class  in  the  University  of  Glasgow  wm 
a  working  model  of  Ncwcomen's  atmospheric  engine,  applied 
to  a  pump  for  raising  water ;  which,  howe%*er,  had  never  been 
found  to  work  satisfactorily.  The  Professor  of  Kxpvriiuental 
Philosophy  of  that  day,  Dr.  John  Anderson  (the  founder  of 
the  celebrated  Andcrsonian  lustitution),  sent  this  model  in 
I7G3  to  Watt's  workshop,  to  he  repaired.  Its  defecU  soon 
disappeared,  and  it  was  made  to  work  to  the  satia&ction  of 
the  professor  and  students. 

This  simple  discharge  of  his  duty,  however,  did  not  satisfy 
the  artisan;  and  his  wonted  activity  of  mind  rendered  this 
model  a  subject  of  profound  meditation,  and  led  him  into  a 
course  of  practical  inquiry  respecting  it,  which  formed  the 
commencement  of  a  most  brilliant  career  of  mechanical 
discovery.  The  improvement  —  we  might  almost  say  the 
creation  —  of  the  steam  engine,  by  this  great  man,  must 
not  therefore  be  regarded,  as  so  often  happens  with  me- 
chanical discoveries,  as  tlie  result  of  fortuitous  ohsenation,  or 
even  of  a  felicitous  momentary  inspiration.  Watt,  on  tho 
other  hanil,  conducted  his  investigation  by  a  course  of  deep 
thought,  and  of  experiments  marked  by  the  last  refinement 
of  delicacy  and  address.  If  he  had  received  a  more  extended 
and  liberal  education,  one  would  have  thought  tlial  he  had 
adopted  for  his  guide  the  celebrated  maxim  of  Bacon  ;  — 

"  To  write,  speak,  meditate,  or  act,  when  we  are  not  pro- 
vided with /nc/*  to  direct  our  thoughts,  is  to  navigate  a  co«st 
full  of  dangers  witiiuut  a  pilot,  and  to  launch  into  the  iin- 
meusity  of  the  ocean  without  either  rudder  or  compass.*' 

The  model  which  he  had  repaired,  had  a  cylinder  of  only 
two  inches  diameter,  and  six  inches  stroke.  After  he  hod 
pot  it  in  complete  order,  he  found,  that  although  the  boiler 
was  much  larger  in  proportion  to  the  cylinder  than  thoee  of 
real  engines,  yet,  that  it  was  incapable  of  supplying  the 
cylinder  with  steam  in  sufficient  quantity  to  keep  it  at  work. 
To  enable  it  to  continue  to  move,  he  found  it  necessary  lu 
iMscn  the  quantity  of  water  raised  by  its  pump,  so  as  to 
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reduce  the  load  on  its  piston  very  much  below  the  propet 
standard  according  to  the  common  rules  for  large  engines. 

He  ascribed  the  great  inferiority  in  the  perfonuance  of  the 
model,  compared  with  the  performance  of  the  large  engines, 
to  the  small  size  of  the  cylinder,  and  to  its  material.  The 
cylinder  of  the  model  was  brayji,  while  those  of  largo  engines 
were  ufcast  iron;  and  brass  being  a  better  conductor  of  heat 
than  iron,  he  concluded  that  more  heat  in  proportion  was  lost 

im  this  cause  in  the  model,  than  in  the  larger  engines.  He 
'observed  that  the  smalt  cylinder  was  so  heated  when  the 
steam  was  admitted  into  it,  tliat  it  eould  not  be  touched  by 
the  hand;  but,  nevertheless,  timt  this  licat  contributed  nothing 
to  its  performance,  inasmuch  as  before  tUc  piston  descended, 
the  cylinder  requiicd  to  be  cooled. 

(47.)  His  first  attempt  to  improve  the  engine,  was  by 
using  a  wooden  cylinder  instead  of  an  iron  oac.  He  ac- 
cordingly made  a  model  with  a  cylinder  of  wood,  soaked  in 
linseed  oil,  and  baked  to  dryness.  With  this  he  made  nu- 
merous experiments,  and  found  that  it  required  a  less  quan- 
tity of  water  to  be  thrown  into  the  cylinder  to  condense  the 
steam,  and  that  it  was  worked  wnth  a  less  supply  of  steam 
&om  the  boiler  than  was  necessary  with  the  metallic  cylinder. 

Still  he  found  that  the  force  with  which  the  piston  de- 
scended was  considerably  less  than  that  which  the  atmo- 
, spheric  pressure  ouglit  to  supply,  supposing  a  tolerably 
^perfect  vacuum  to  be  produced  under  the  piston.  This 
led  him  to  suspect  that  the  water  injected  into  the  cylinder 
was  not  perfectly  elTcctual  in  condensing  the  steam.  The 
experiments  which  he  had  previously  made  on  the  increased 
temperature  at  which  water  boils  under  pressures  greater 
tlian  that  of  the  atmosphere,  led  him  by  analogy  to  the  con- 
clusion that  it  would  boil  at  lower  temperatures  if  it  were 
lubmittcd  to  a  pressure  less  than  the  atmosphere,  and  he  was 
itware  that  Dr.  Cullen  and  others  had  then  recently  discovered 
that  tu  vacuo,  water  wuuld  bull  at  so  low  a  temperature  as 
100**,  These  notions  su^eated  the  probability  that  the 
water  injcctL-d  into  the  cylinder  being  heated  by  the  con- 
densed steam,  might  produce  vapour  of  a  low  temperature 
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and  reduced  pressure  under  the  piston,  which  would  account 
for  the  deficiency  he  observed  in  the  power  of  the  engine. 

No  means  occurred  to  him  by  which  he  could  ascertaitt, 
by  direct  experiment,  the  temperatures  at  which  water  would 
boil  under  pressures  less  than  that  of  the  atmosphere.  Uc 
sought,  however,  to  determine  it  by  the  following  method. 
Having  ascertained,  by  repealing  and  multiplying  the  experi- 
menta  which  he  liad  tried  in  176^,  on  high-preuure  steam* 
he  obtained  a  table  of  the  temperatures  at  which  water  boib 
at  various  pressures  greater  than  that  of  the  atmosphere. 
These  results  he  laid  down  in  a  series  forming  a  curve,  of 
which  the  abscissa  represented  the  temperatures,  and  the 
ordinatca  tlic  prcsaures.  He  then  continued  this  curve, 
backwards  as  it  were,  and  obtained,  by  analogy,  an  ap- 
proximation to  the  boiling  temperatures,  corresponding  to 
pressures  less  than  that  of  the  atmosphere.  In  other  words^ 
having  obtained  by  his  experiments  a  notion,  however  im- 
perfect, of  the  law  or  rule  observed  by  the  temperatures  at 
which  water  boils  at  dilFercnt  pressures  greater  than  that  of 
the  atmosphere,  he  calculated  by  the  same  law  or  rule  what 
the  pressures  would  be  at  difiercnt  pressures  h*»  than  that 
of  the  atmosphere. 

Applying  these  results  to  the  interior  of  the  cylinder  of 
the  atmospheric  engine,  he  obtained  an  approximation  to  the 
pressure  of  Che  vapour  which  would  be  produced  from  the 
wann  water  formed  by  the  cold  water  injected  into  the  cylin- 
der, and  the  steam  condensed  by  it ;  and  he  accordingly  foinwl 
that  vapour,  having  a  pressure  seriously  injurious  to  the 
power  of  the  engine  would  be  produced  in  the  cylinder,  un- 
less considerably  more  water  of  injection  was  thrown  in  tlian 
was  customary. 

It  was  apparent  that  the  actual  quantity  of  steam  usefully 
employed  in  the  cylinder  at  each  stroke,  was  only  the  quan* 
tity  which  filled  the  cylinder;  and  therefore,  in  order  to 
ascertain  the  quantity  of  steam  lost  by  the  imperfectiorw  of 
the  machine,  it  was  necessary  to  compare  the  actual  quantity 
of  steam  transmitted  by  ihe  boiler  to  the  cylinder  at  each 
stroke,  with  the  quantity  which  would  just  fill  the  cylinder 
The  difference  would  of  course  be  wasted.    But  to  determine 
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the  actual  quantity  of  steam  supplied  by  the  boiler  to  the 
cylinder,  there  was  no  other  means  than  by  observing  the 
quantity  of  water  evaporated  in  the  boiler.  Tbat  being  ob- 
served, it  was  necessary  to  know  the  quantity  of  steam  whicli 
that  water  formed ;  and  it  was  therefore  necessary  to  deter- 
mine the  quautity  or  volume  of  steam  which  a  given  volume 
of  water  produced. 

(48.)  On  considering  more  attentively  the  operation  of  tlio 
machine,  the  following  circumstances  gradually  unfolded  them< 
selves  to  hiui. 

Let  us  suppose  the  piston  at  the  top  of  the  cylinder,  and 
the  space  in  the  cylinder  below  it,  filled  with  steam  so  as  to 
balance  the  pressure  of  the  atmosphere  above  the  piston. 
Under  such  circumstances  the  »tcam,  as  will  prc-scntly  be  ex- 
plained, must  have  the  temperature  of  boiling  water.  But  that 
the  steam  should  have,  and  should  maintain,  tliis  temperature, 
it  was  evidently  necessary  that  ihe  inner  surface  of  the  cylin- 
der in  contact  with  it  should  have  the  »auie  temperature:  for 
if  it  bad  a  lower  temperature,  it  would  take  heat  from  the 
Steam,  and  reduce  the  temperature  of  the  latter.  Now  the  cy- 
linder being  a  mass  of  metal,  has  a  quality  in  virtue  of  xvhich 
heat  passes  freely  through  its  dimensions,  so  that  its  inner 
surface  could  not  be  maintained  at  a  temperature  more  ele- 
vated tiian  that  of  its  dimensions  extending  from  the  inner 
surface  to  the  outer  surface.  Therefore,  to  maintain  the 
steam  contained  in  the  cylinder  at  the  proper  temperature,  it 
was  essential  tbat  the  whole  of  tbf  solid  metal  composing 
the  cylinder  should  be  itsell'  at  tbat  temperature. 

Things  being  in  this  state,  it  was  required  that  a  vacuum 
should  be  produced  under  the  piston  to  give  ctfcct  to  the  at- 
mospheric pressure  above  it,  by  relieving  iL  from  the  pressure 
below.  This,  indeed,  would  appear  to  have  been  attained  by 
introducing  as  much  cold  water  within  the  cyliuder  as  would 
be  sutHcient  to  reconvert  the  steam  contjiinad  in  it  into  water; 
but  AVatl  fouud,  in  liis  experiments  on  the  atmospheric  mo- 
del, that  the  piston  would  not  descend  with  the  proper  force, 
unless  a  vastly  greater  quantity  of  water  were  introduced  into 
the  cylinder  than  the  quantity  which  he  had  ascertained  to 
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necessary  for  the  reconversion  of  the  steam  into  water.  The 
cause  of  tliis  he  perceived  and  fullv  explained. 

If  we  nupposc  as  much,  and  no  murei  cold  water  introduced 
into  the  cylinder  as  would  reconvert  the  steain  contained  in 
it  into  water,  then  we  should  have  in  the  bottom  of  the  cylin- 
der a  quantity  of  warm  water  with  a  vacuum  above  it :  but 
the  entire  mass  of  metal  composing  the  cylinder  itself,  which 
was  previously  at  the  temperature  of  boiling  water,  would 
still  be  at  the  same  temperature.  The  warm  water,  resting  in 
contact  with  this  metal  in  the  bottom  of  llic  cylinder,  would 
be  immediately  heated  by  it,  and  would  rise  in  its  tempera- 
ture, while  the  metal  of  the  cylinder  itself  would  be  somcwliat 
lowered  in  temperature  by  the  beat  which  it  would  thus  im- 
part to  the  warm  water  contained  in  it.  Under  these  circum- 
stances, OS  we  shall  presently  explain,  steam  would  be  pro- 
duced from  the  water,  wliich  would  fill  the  cylinder;  and 
although  such  steam  would  not  have  a  mechatiical  pressure 
equal  in  amount  to  the  atmosphere,  and  therefore  would  not 
altogether  prevent  the  piston  from  descending  if  it  had  no 
load  to  move,  yet  it  would  deprive  the  engine  of  bo  great  a 
portion  of  its  legitimate  power  as  to  render  it  altogether  in- 
cfiicienU  But  this  defect  would  be  removed  by  throwing  into 
the  cylinder  a  sufficient  quantity  of  cold  water,  not  only  to 
destroy  the  steam  contained  in  it,  but  also  to  cool  the  endre 
mass  of  metal  composing  the  cylinder  ititelf,  until  it  would  be 
reduced  to  such  a  temperature  that  the  vapour  proceeding 
from  the  water  contained  in  it  would  have  so  anull  a  preasure 
that  it  would  not  seriously  or  injuriously  obstruct  the  descent 
of  the  piston. 

The  piston  being  made  to  descend  with  such  force  as  to 
tender  the  machine  practically  efficient,  it  would  then  be  ne- 
cessary again  to  make  it  ascend;  and  to  accomplish  this,  Walt 
found  that  tbo  boiler  should  supply  a  quantity  of  steam  many 
times  greater  than  was  necessary  to  (ill  the  cylinder.  Mature 
reflection  on  the  circumstances  which  have  been  just  ex- 
plained, enabled  him  to  discover  how  tliis  undue  quantity  of 
slvam  was  rendered  necessary. 

Let  it  be  recutlectcd,  that  when  the  piston  has  reached  tbtt 
bottom  of  (he  cylinder,  the  whole  mass  of  the  cylinder,  and 
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the  piston  Itself  arc  reduced  to  90  low  a  temperature  that  the 
vapour  of  water,  having  the  same  temperature,  has  no  pressure 
sufficiently  great  to  obstruct  the  action  of  the  machine.  When, 
in  order  to  make  the  piston  ascend,  steam  is  introduced  from  the 
boiler  into  the  cylinder  under  the  piston,  this  steam  encounters, 
in  the  first  instance,  the  cold  surfaces  of  tlie  metal  fonning  the 
bottom  of  the  cylinder  and  the  bottom  of  the  piston.  The 
£rst  effect  of  this  is  to  convert  the  steam  which  comes  from 
the  boiler  into  water,  an  effect  which  is  produced  by  that 
steam  imparting  its  heat  to  the  metal  with  which  it  comes  into 
contact.  This  destruction  of  steam  continues  until  the  metal 
exposed  to  contact  with  it  has  been  heated  up  to  the  tempe- 
rature of  boiling  water.  Then,  and  not  till  then,  the  steam 
below  the  piston  will  have  a  pressure  equal  to  that  of  tlte 
atmosphere  above  it,  and  the  piston  will  bef^in  to  ascend.  As 
it  ascends,  however,  the  sides  of  the  cylinder  which  it  exposes 
to  the  contact  of  the  steam  are  cold,  and  partially  destroy  the 
steam.  Steam,  therefore,  must  he  supplied  from  the  boiler 
to  replace  the  steam  thus  destroyed ;  nor  can  tlie  piston  reach 
the  top  of  the  cylinder  until  such  a  quantity  of  steam  shall 
have  flowed  from  the  boiler  into  the  cylinder,  as  shall  be  suffi- 
cient not  only  to  fill  the  cylinder  under  the  piston,  but  like- 
wise, by  its  condensation,  to  raise  the  whole  mass  of  tlic 
cylinder  and  piston  to  the  temperature  of  boiling  water. 

Such  were  the  circumstances  which  forced  themselves  upon 
the  attention  of  Watt,  in  the  course  of  repairing,  and  subse- 
quently trying,  the  model  of  the  atmospheric  engine,  at  Glas- 
gow. Being  informed  generally  of  the  uses  of  the  engine  in  the 
drainage  of  mines,  and  of  tlie  vast  expense  attending  its  ope- 
ration, by  reason  of  the  quantity  of  fuel  which  it  consumed,  he 
saw  how  important  any  improvement  would  be  by  which  the 
extensive  sources  of  waste  which  had  thus  presented  thcm- 
felves  could  be  removed.  He  saw  also,  that  all  that  portion 
of  steam  which  was  expended,  not  in  filling  the  cylinder  under 
the  piston,  but  in  heating  the  great  mass  of  metal  composing 
the  cylinder  and  piston,  from  a  low  temperature  to  that  of 
boiling  water,  upon  each  stroke  of  the  piston,  was  so  much 
heat  lost,  and  that  the  proportion  of  the  fuel  expended  in 
evaporating  the  steam  thus  wasted  would  he  saved,  if  by  any 
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expedient  he  could  make  the  puton  descend  irUhout  cooliag 
the  cylinder.  But  in  urdt-r  to  estimate  the  full  aniuunl  of, 
this  waste,  and  to  discover  the  most  effectual  niv&ns  of  pre- 
venting it,  it  wax  necessary  to  investigate  the  quantity  of  heat 
necessary  for  the  evaporation  of  n  given  quantity  of  water ; 
also,  Uic  quantity  of  steam  which  a  given  quantity  of  water 
would  produce,  as  well  a«  other  circumstances  connected  with 
the  Icmperature  and  pressure  of  steam.  Uc,  therefore,  ap- 
plied himself  to  make  experiments  with  a  \-iew  to  elucidate 
these  questions ;  and  succeeded  in  obtaining  results  which  led 
to  the  discovery  of  some  of  the  most  important  of  tliosc  phy- 
sical phenomena,  on  the  due  application  of  which,  the  eliicacy 
of  the  steam  engine,  which  he  afterwards  invented,  depended, 
and  which  alao  form  striking  facts  in  the  general  pbysica 
of  heat. 

(49.)  The  first  question  to  which  he  directed  liis  cxperimcnla, 
was  the  determination  of  the  extent  to  which  water  enlarged 
its  volume,  ur  magnitude,  when  it  passed  into  steam.  To  •<> 
certain  this,  he  filled  a  thin  Florence  flask  will)  steam,  of  a 
pressure  equal  to  the  atmosphere,  and  weighed  it  accurately. 
The  same  ilask  was  then  filled  with  water,  and  weighed  again. 
Finally,  the  weight  of  the  flask  itself  was  ascertained.  It  is 
evident,  that  by  such  means,  the  exact  weight  of  the  steam 
which  filled  the  flask,  and  of  the  same  bulk  of  water,  would  be 
obtained.  He  found  that  the  water  weighed  about  eighteen 
hundred  times  more  than  the  steam  ;  from  whence  he  inferred 
that  the  steam  which  filled  the  fla&k  contained  about  eighteen 
hundred  times  less  water  than  the  Bask  would  contain.* 

*  The  (bllnwing  ia  ttie  arcotint  of  tticM  expcrltnenls  ghco  in  Walt's 
own  worifA ;  — 

"  ll  briiie  nriJiMit  thnt  tlicrc  was  «  j^Kst  error  in  Dr.  Df-sagiilirr**  »!• 
culatlons  or  Mr.  Uciphtoii'ii  ex|M.-riin(.iita  on  thr  bulk  tif  •>iti>iii,  a  Flurenco 
ttiuk,  cniMible  ofroouiiiim^  about  s  fM>iin<i  of  valcr,  bail  abutit  ODr  «hiik«' 
of  <l»tillnl  wnier  put  into  ii  ;  a  ^Isk^  tube  was  fiticd  ioio  im  mouth,  sad 
thr  juitiins  nuidr  lisht  h>  Infipini;  thsl  pan  of  the  tut>c  with  packthroKl 
rovcml  with  pliuicr  n  piitly.  When  the  flask  wus  irt  utirijiht,  the  tube 
rcflched  ijuwri  nriir  lo  the  mirfiMX  of  the  water,  tuul  in  ihiit  |«wition  the 
whole  Wild  (ilmril  in  n  tin  n-rtccling  oven  before  n  (ire  until  the  «i»ler  i»u 
wholly  cvup»ri4tMl,  which  hu(Kieiu-iI  in  about  lui  hour, and  nti^ht  have  boea 
done  ■ooncT,  hml  I  not  wialicil  the  heal  not  much  to  exceed  that  of  boiliof 
water.  A^  the  lur  in  the  flunk  wna  hcuvier  than  the  ktenui,  the  Inttcr  ■»• 
nadvd  ta  the  top,  atu]  rxiwllcJ  the  air  thruUjth  the  lul>r.  When  tb« 
waa  ill  •vsporaietl.  the  oven  aad  fl>nlt  wurt  rwaned  fFoni  thv  Srcw 
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Haring  onco  ascertained  this  point,  he  was  able,  hy  obsen*- 
ing  the  quantity  of  water  evaporated  in  the  boiler  of  the  at- 
mospheric model,  to  compute  the  volume  of  steam  which  was 
supplied  to  the  cylinder.  It  was  evident,  that  for  every  cubic 
inch  of  water  evaporated  in  the  boiler,  eighteen  hundred 
cubic  inches  of  steam  were  supplied  to  the  cylinder.  Having 
accurately  oltscrvcd  the  evaporation  of  the  boiler  for  a  short 
time^  and  the  number  of  strokes  made  by  the  pisloa  in  the 
same  time,  he  found  that  the  quantity  of  water  evaporated 
in  the  boiler  would  supply  about  four  times  as  much  steam 
ms  the  cylinder  would  require.  He  consequently  inferred, 
that  about  tbrec-fourlhs  of  tlic  steam  produced  was  wasted. 

The  next  question  to  which  he  directed  his  experiments, 
wa>  to  ascertain  the  quantity  of  cold  water  necessary  to  be 
injected  into  the  cylinder,  in  order  to  condense  the  steam  con- 
tained in  it.  To  ascertain  this,  he  attached  a  pipe  to  a  boiler, 
by  which  he  was  enabled  to  conduct  the  steam  from  the  boiler 
into  a  glass  jar  containing  cold  water  at  flftv-two  degrees  of 
temperature.  The  steam,  as  it  passed  fiom  the  boiler  through 
the  pipe,  was  condensed  by  the  cold  water,  and  continued  to 
be  so  condensed,  until,  by  the  lieat  which  it  imparted  to  the 
water,  the  latter  began  to  boil,  and  would  then  condense  no 
more  steam.  On  comparing  the  water  in  the  glass  jar,  when 
boiling,  with  the  water  originally  contained  in  it  at  fifty-two 


and  a  blast  of  cold  nir  wns  diriTtcd  gainst  onr  side  of  (lie  flnsV,  to  colVct 
the  conJeiisfd  ntcam  in  one  [)luce.  When  all  wiw  cold,  (he  tube  was  re- 
Doreil,  thi:  d-Ask  nnd  ita  contents  were  weighed  willi  C4ire  ;  «nil  the  Husk 
twine  tniuli^  hot,  it  witit  drieil  by  Mowing  tiitu  it  by  bellaWH,  and  when 
webbed  agwn  wius  found  to  have  lost  niiTier  more  than  four  grains,  cati- 
KiKted  at  1^ grains.  When  the  Aask  was  filled  with  filter,  it  wiii  fouiiil  to 
contain  nboiit  17^  nunccn  nvoirdnpnM  nfthat  fluid  which  guvu  utM>ut  IHUO 
(brtheexpanwon  of  water  converted  into  frtcam  ofthclieat  of  bailing  water. 

"  This  experiment  wns  rcpcuti'd  with  nearly  the  same  result,  and  in 
order  lo  ascertain  whether  the  flask  had  been  wlmlly  filled  with  steam,  n 
Bimilar  quantity  of  \sntcr  waa  for  the  thint  time  evii[]onilwl ;  »nd.  while 
the  flask  waa  still  cold,  it  was  placed  inverted  wilh  i(8  month  (contracted 
by  the  niljc)  immersed  in  n  vessel  of  water,  which  U  sucked  in  aa  >t  cooled, 
tuidl  in  the  lrm|H-nitiire  of  the  atmosphere  it  wan  filteU  to  within  half  an 
ounce  ineasiire  of  water. 

"  III  repetitbna  of  tliis  experiment  at  a  Inter  dnte,  I  simplifieil  the 
■pparatiu  by  omitting  the  IuIh.*.  and  laying  the  ftiisk  upm  its  wide  in  the 
oven,  partly  closing  it.^  month  by  n  cork,  liaving  a  notch  on  one  side,  and 
otherwise  proceeding  as  has  been  mentioned. 
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d^^ees,  the  quantity  was  found  to  be  increased  iu  the  propor- 
tion of  six  to  seven,  ver)-  nearly;  from  which  he  inferred,  that 
to  reduce  one  ounce  of  steam  to  water,  it  was  necessary  to 
mix  about  six  ounces  of  cold  water  witli  It. 

He  was  further  led  to  the  conclusion^  that  steam  contains 
a  vast  quantity  of  heat,  by  tlie  following  experiment.  He 
heated,  in  a  close  digester,  a  quantity  of  water  several  direct 
above  the  coiaraou  bailing  point.  When  tbus  heated,  by 
opening  a  stop-cock,  he  allowed  the  compressed  steam  to  es- 
cape into  a  cold  vessel ;  in  three  or  four  seconds,  he  fuund 
that  the  heat  of  the  water  in  the  digester  was  reduced  from 
a  very  high  temperature  to  tlie  common  boiling  point;  yet, 
that  all  the  stoain  which  escaped  from  it,  and  which  carried 
ofTwJth  it  the  superabundant  heat,  formed  only  a  few  drops 
of  water  when  condensed ;  from  which  he  inferred,  that  this 
small  quantity  of  water,  in  the  form  of  steam,  contained  as 
much  heat  as  was  sufficient  to  raise  all  the  water  in  the  di- 
gester from  the  boilinjr  point  to  the  temperature  at  which  it 
was  before  the  steam  was  allowed  to  escape. 

Having  thus  ascertained  the  exact  quantity  of  cold  water 
which  ought  to  be  injected  into  the  cylinder  in  order  to  con- 
dense the  steam  which  filled  the  cylinder,  he  found,  on  com- 
paring the  quantity  necessary  to  be  injected  in  order  to  en- 
able the  piston  to  descend,  that  this  quantity  was  about  four 
times  as  great  as  that  which  was  necessary  to  condense  thi: 
StCtm.  This  led  him  to  the  conclusion,  that  about  four  timea 
as  much  beat  was  destroyed  in  the  cylinder  as  needed  to  be 
destroyed,  if  the  object  were  the  mere  condensation  of  the 
steam.  Tliis  result  fully  curroboiated  tlic  other  conclusiun, 
deduced,  from  the  proportion  which  ho  found  between  tlie 
quantity  of  steam  supplied  by  the  boiler  and  the  actual  con- 
tents of  the  cylinder. 

(50.)  Watt  was  forcibly  struck  with  ihe^e  circumstances,  not 
only  on  account  of  their  importance  in  an  economical  point  of 
view,  wlien  their  relation  to  steam  power  was  considered,  but 
still  more  so,  A  indicating  phenomena  in  the  physics  of 
heat  altogether  novel  to  Itim. 

Ho,  titerefore,  eagerly  sought  his  friend  Dr.  Black,  to  whom 
ho  conirouuicatod  these  results.     Then,  for  the  first  timo*  be 
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was  informt'd,  by  Black,  of  the  thcMiry  of  latent  hrat,  which 
had  recently  been  discovered  by  liicit  and  of  which  these  very 
phenomena  formed  the  busts. 

Some  passages  In  the  works  of  Dr.  Robison  produced  jin  er- 
roneous impression,  that  a  larj^e  shore  of  the  merit  of  tlie  disco- 
veries of  Watt  which  have  been  just  explained  was  due  to  Dr. 
Rlack,  to  whose  iustructiona  ou  the  subject  of  latent  heat  Watt 
was  represented  to  have  owed  the  knowledge  of  those  facts 
which  led  to  his  principal  inventions  and  iraprovemcnts.  We 
shall  here  give,  in  the  words  of  Watt  himself,  his  explanation  of 
the  circumatauccs  which  led  to  tlus  error.  This  explanation 
is  given  in  a  letter  addressed  by  Watt  to  Dr.  Brewster,  in 
May  1811-,  and  prefixed  to  the  third  volume  of  Brewster's 
edition  of  llobison's  Mechanical  Philosophy :  — 

"The  representations  of  friends  whoso  opinions  I  highly 
value  induce  me  to  avail  myself  of  this  opportimity  of  noticing 
on  error  into  which  not  only  Dr.  Robison,  but  apparently 
also  Dr.  Black,  has  fallen,  in  relation  to  the  origin  of  my  im- 
provements upon  the  steam  engine,  and  wlucli  not  liaving  been 
publicly  controverted  by  rae,  has,  I  am  informed,  been  adopted 
by  almost  every  subsequent  writer  upon  the  subject  of  latent 
heat. 

"  Dr.'  Robison,  in  the  article  Steam  Engine,  after  passing 
an  encomium  upon  me,  dictated  by  the  partiality  of  friendship, 
qualifies  me  as  the  *  pupil  and  intimate  friend  of  Dr.  Black,' 
-—a  description  wliich  not  being  there  accompanied  with  any 
inference,  did  not  particularly  strike  rae  at  tlie  time  of  its 
first  perusal.  He  afterwards,  in  the  dedication  to  me  of  his 
edition  of  Dr.  Black's  lectures  upon  chemistry,  goes  the  length 
of  supposing  me  to  have  professed  to  owe  my  improvements 
upon  the  steam  engine  to  the  instructions  and  information  I 
had  received  from  that  gentlemau,  which  certainly  was  a  mis- 
apprehension ;  aa,  though  I  have  always  felt  and  acknow- 
ledged my  obligations  to  him  for  the  information  I  had  re- 
ceived &om  his  conversation,  and  particularly  for  the  know- 
ledge of  the  doctrine  of  latent  heat,  I  never  did  nor  could 
consider  my  improvenienta  as  originating  in  those  conmiuni- 
rations.  He  is  also  mistaken  in  his  assertion  (p.  8.  of  the 
preface  to  the  above  work),  that  '  I  had  attended  two  courses 
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of  the  doctor's  lectures ;  *  for,  unfarttinatcly  for  mc,  the  ne- 
cessarj-  avncattons  of  my  business  prevented  me  from  ntt«nd- 
ing  liis  ur  any  other  lectures  at  college  ;  and  as  Dr.  RobUon 
was  himself  absent  from  Scotland  for  four  years  at  the  period 
referred  to,  he  must  have  been  misled  by  erroneous  inform- 
ation. In  p.  18-f-.  of  the  lecturer,  Dr.  Black  sayti,  *  I  hure 
the  pleasure  of  itiinking  that  tlie  knowledge  wc  have  ac* 
quired  concerning'  the  nature  of  elastic  vapoun,  in  conae- 
quencc  of  my  fortiuiute  obsen-ation  of  what  happens  in  its 
formation  and  condensation,  has  contributed  in  no  incon- 
siderable degree  to  tlie  pubhc  good  by  tttggetting  to  my  friend 
Mr.  "Watt  of  Bimungham,  then  of  Glasgow,  his  improvement 
on  tliis  useful  engine'  (meaning  the  steam  engine  of  which 
he  is  then  speaking).  There  can  be  no  doubt  from  what  fol- 
lows ill  his  description  of  llic  engine,  and  from  tlie  vety 
honourable  mention  wbirh  he  haa  made  of  me  in  Tarioua 
parts  of  his  lecturea,  that  he  did  not  mean  to  lessen  any 
merit  that  might  attach  to  mc  as  an  inventor ;  but,  on  Uio 
contrary,  lie  wv^  always  disponed  to  give  me  fully  aa  much 
praise  as  I  deserved. 

"  And  were  that  otherwise  doubtful,  it  would,  I  think,  he 
evident  from  the  following  quotation  from  a  letter  of  bis  to 
me,  dated  13th  February  1783,  where,  speaking  of  an  in- 
tended publication  by  a  friend  of  mine,  on  subjects  connected 
with  tile  history  of  steam,  he  says,  *  1  think  it  is  very  proper 
for  you  to  give  him  a  short  account  of  your  discoveries  and 
speculations  ;  and  particularly  to  astert  clearly  and  fully 
your  iole  right  to  the  honour  of  the  improrementM  of  the  *ttam 
tngint^  And  in  a  written  testimonial  which  he  ven'  kindly 
gave  me,  on  the  occasion  of  a  trial  at  law  against  a  piracy 
of  my  invention  in  1796-7,  after  giving  a  short  account  of  the 
invention,  be  adds,  *  Mr.  Watt  too*  fhr  »ol«  inventor  of  the 
capital  improraneni  and  contrivance  ahore  mentioned,' 

**  Under  this  conviction  of  liis  candour  and  friendship,  it  is 
very  painful  to  me  to  controvert  any  assertion  or  opinion  of 
my  revered  friend  ;  yet,  in  the  present  case  I  find  it  necenary 
to  say.  that  he  appears  to  me  to  have  fallen  into  an  error ; 
and  1  hu|K',  in  addition  to  my  assertion,  to  make  that  np|>ear 
by  the  short  history  I  have  given  of  my  invention,  in  my 


HIS    IMPROVEMENTS    NOT   DUE   TO    BLACK. 


95 


notes  upon  Dr.  Robison'a  essay,  as  well  as  by  the  following 
account  of  the  state  of  my  knowledge  pre^^ous  to  my  re- 
ceiving any  explanation  of  the  doctrine  of  latent  heat ;  and 
also  fironi  that  of  the  facts  whicli  principally  guided  inc  in  the 
invention. 

**  It  was  known  very  long  before  my  time,  that  steam  was 
condensed  hy  coming  into  contact  with  cold  bodies,  and  that 
it  communicated  heat  to  them  ;  witness  the  common  still, 
&c.  &c. 

**  It  was  known,  by  some  experiments  of  Dr.  Cullcn  and 
othcn,  thai  water  and  other  liquids  boiled  in  \-acuo  at  veiy 
low  lieatH  ;  water  beh>w  100*". 

**  It  was  known  to  some  philosophers  that  tlie  capacity  or 
equilibrium  of  heat,  as  we  then  called  it,  was  niucli  smaller 
in  mercury'  and  tin  tliun  in  water. 

*'  It  was  aliui  known  that  ei'aporation  caused  the  cooling  of 
the  evaporating  liquid,  and  bodies  in  contact  willi  it. 

*•  I  had  myself  made  experiments  to  determine  the  following 
facts :  — 

**  First,  the  capacities  of  heat  for  iron,  copper,  and  some 
iris  of  wootl,  coiiiparalively  with  water. 

"  Second,  the  hulk  of  stteam  compared  with  tliat  of  water. 

"  Third,  the  quantity  of  water  evaporated  in  a  certain  boiler 
by  a  pound  of  coals. 

Fourth,  tlie  elasticities  of  steam  at  various  temperatures 
greater  tlian  that  of  boiling  water,  and  an  approximation  lo 
the  law  which  it  followed  at  other  temperatures. 

**  Fifth,  how  much  water  in  the  form  of  .steam  was  required 
every  stroke  by  a  small  Newcomen's  engine,  with  a  wooden 
cylinder  six  inches  diameter,  and  twelve  inches  stroke. 

"  Sixth,  the  quantity  of  cold  water  required  in  every  stroke 
to  condense  tlie  steam  in  that  cylinder,  so  as  to  give  it  a  work- 
ing power  of  al>out  7  lb.  on  the  inch. 

'*  Here  1  was  at  a  loss  to  understand  how  so  much  cold 
water  could  be  heated  so  much  by  sn  small  a  quantity  of  water 
ui  llie  form  of  stcum  ;  and  1  aceordiugly  applied  to  Dr.  Black, 
and  then  first  undoTBtooil  what  was  called  latent  heal. 

"  But  this  theorj',  though  useful  in  determining  the 
quantity  of  injection  necessary  where  the  quauti^*  of  water 
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BtPOSITIOK    OF    pursuit    fRlNLIPLe^.  — THERHDHBTER.  —  MF.TllOTt   OP 

GRADt'ATINO     IT.  FKItKZr>r.    ANll     tlOILINU    POINTS. LATENT   ))E*T 

OP  WATKB. — qUASTlTY  OP  IIF.4T  NErESSABV  TO  CONVERT  ICE  INTO 
TC4TEII. — QfANTITV  OF  HEAT  r.lVFN  OUT  BV  WATER  IS  URING  CON- 
TRRTKD  IPfTO  ICE.  —  PBCICEBS  OP  nott.lVn. —  OF  RErruSTRRSION  OF 
STVAM  IKTO  WATBR.  —  (Il'4NTITY  OF  IIKAT  NECEflSARY  TO  CONVERT 
WATKK  INTO  STKAU.  —  BUILISO  POINT  OF  WATKR.  —  UllTHRKNT  IN  DIP- 
FRRENT  fLACES.  —  PEPKNOS  UN  THE  UAKUMtTER  — VtKIKS  WITH  TIIK 
PRISSURG. — KXPKBIMKNTAI.  PRllOP  OF  THIS.  —  lUlll.S  AT  LltWKH  TEU- 
PBKATl'RKSTIIAN  ■HH''  I'NDER  PRF.SItrRT:!*  LESS  THAN  THE  ATMoSPHKRB. 

—  «IB  OP  LATENT  ANIi  SENSini.E  HEAT  OP  STEAM  ALWAV<i  THE  SAME. 

THE  riEL  NECE^SABT  TO  EVAPORATE  \l  aTEB  TIIK  SAMIl,  WirATKVER  BR 
nm  TEMPER  \TrBR  OR  PREMI'RE  AT  Wlliril  IT    15    EVAPORATED.^  MK- 

CIIAHtrAL    FORf:K   ODTAINED    BV    EVAPORATION. THIS   FORCE    NKARLV 

TUB   SAVE    t'NDER  ALL   CIRCUMSTANCES. 

(51.)  We  shall  pause  hero  to  put  the  reader  in  possession  of 
the  physical  and  mechanical  principles  connected  with  the 
evaporation  of  water  and  other  liquids,  whicli  arc  necessary 
to  enable  him  to  understand  the  full  extent  of  the  value  and 
ihe  merit  of  the  discoveries  of  Watt,  and  to  comprehend  the 
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fltructurc  and  operfttion  of  tho  steam  engine  in  ita  iraprorrd 
form,  as  it  has  passctl  to  us  from  his  hands. 

As  wc  shall  frequently  have  occasion  to  refer  lo  the  indi- 
catiuns  of  a  thermoinetiT,  we  shall  first  explain  ihu  principle 
of  that  instrument  as  it  is  coramonly  used  in  this  country. 

The  thermometer  is  an  instrument  used  for  ihc  purpoM , 
measuring  and  indicating  tho  temperature  or  sensible  hatCi 
material  substances. 

Ileat,  like  all  other  physical  agents,  can  only  be  measured 
by  its  effects.  One  of  these  effects  best  suited  for  this  pur- 
pose, is  the  change  of  dimension  which  all  bo<lies  undergo 
in  consequence  of  their  change  of  tempcTature.  In  general, 
when  heat  is  applied  to  a  material  substance,  that  substance 
undergoes  an  enlargement  of  bulk ;  and  if  heat  be  abstracted 
from  it,  it  suffers  a  diminution  of  bulk.  This  variation  of 
ma^itude  is  not  always  in  the  same  proportion  as  the 
increase  or  diminution  of  temperature;  but  it  is  so  when 
applied  to  certain  substances  and  between  certain  limits. 
One  of  the  substances  whose  cirpansion  and  contraction 
through  an  extensive  range  of  temperature  has  been  found 
to  be  nearly  uniform,  and  which  is  attended  with  other  con- 
vonient  qualities  for  a  thermometer,  is  the  liquid  called 
fH^rcurtf  or  quiektilrer.  A  mercurial  thermometer  is  con- 
structed in  the  following  way:  — 

A  glass  tube  is  made  with  a  small  and  mtifarm  bore :  upon 
the  end  of  this  tube,  a  bulb  is  blown,  having  a  magnitude 
very  great  compared  with  the  bore  of  the  tube.  Let  ua 
suppose  this  bulb  and  a  part  of  the  tube  to  be  nilefl  with 
mercury.  If  the  mercury  contained  in  the  bulb  be  heated,  it 
will  expand,  and  being  more  susceptible  of  expansion  than 
the  glass  which  contains  it,  the  bulb  will  be  too  small  for  its 
augmented  volume:  the  mercury  in  the  bulb  can  only, 
thcrofore,  obtain  room  for  its  increased  bulk  by  pres»ing  ilic 
mercury  in  the  tube  upwards,  which  it  will  accordingly  do. 
The  increase  of  volume  which  the  mercury  in  the  bulb 
therefore  undergoes,  will  be  exhibited  by  the  increased 
length  of  Uie  column  in  the  tube.  Since  the  bore  of  the 
tube  i»  made  so  exceedingly  minute  compared  with  the  mag- 
nitude of  the  bulb,  a  vriy  small  quantity  of  mercury  forced 
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from  the  bulb  into  the  tube,  will  cause  a  ronRtilerablc  increase 
of  tlic  length  of  the  column.  Small  degrees  of  expansion 
will  therefore  be  rendered  very  apparent,  and  may  be  accu- 
rately measured.  The  following  is  tlie  method  by  wliich  the 
thermometer  called  Fahrenh«ifx  thermometer  is  graduated. 

The  lube  and  bulb  being  prepared  and  supplied  with 
mercury,  as  already  explained,  let  the  instruntont  bo  plunged 
in  a  vessel  of  melting  ice.  It  will  be  found  that  the  mer* 
cury  will  atand  in  tliP  tube  at  a  certain  point,  from  which  it 
will  not  varj-  so  loug  as  any  ice  remains  not  completely 
melted  in  the  vessel.  Let  a  mark  be  made  on  the  tube,  or 
on  a  scale  attached  to  the  tube,  at  the  point  corresponding 
to  the  top  of  the  coluirin  :  the  point  thus  marked  is  called 
\)\e  freezing  point. 

Now  let  the  instrument  be  immersed  in  a  vessel  of  boiling 
water,  the  barometer  at  the  time  having  tho  height  of  thirty 
inches.  It  will  be  found  that  so  lung  as  the  water  is  kept 
boiling,  the  column  of  mercury  in  the  tube  will  remain 
stationary.  Lot  the  point  corresponding  with  the  top  of  the 
column  be  marked  on  the  tube,  or  on  the  scale  attached  to 
lb  This  is  called  the  boiling  point.  Let  the  space  on  the 
scale  between  the  freezing  and  boiling  pm'nts  be  now  divided 
into  180  equal  parts  :  each  uf  these  yarts  is  called  a  degree. 
Let  the  same  divisions  be  continued  upon  the  scale  below 
the  freezing  point,  until  thirty-twn  divisions  be  taken  ;  let 
the  lowest  di\iRion  be  then  marked  ((,  and  let  the  successive 
divisions  upwards  from  that  be  numbered  1,  S,  3,  &c.  In  like 
manner,  let  the  same  divisions  he  continued  above  the  boiling 
point,  as  far  as  the  tube  will  admit. 

It  ia  evident  that,  under  these  circumstances,  the  freezing 
point  will  be  marked  by  3J2,  and  the  boiling  point  by  2VZ. 
It  is  usual  to  express  the  degrees  of  a  thermometer  in  the 
same  manner  as  the  degrees  of  a  circle,  by  placing  a  small  ** 
above  the  number.  Thus  the  freezing  point  is  expressed  by 
.la**,  and  the  boiling  point  by  212^ 

The  reason  the  degrees  were  commenced  at  Si?"  below  the 
freezing  point  was,  because,  when  the  thermometer  was 
invented,  that  temperature  was  supposed  to  he  the  lowest 
degree  of  cold  pos&iblc,  being  th.it  of  a  certain  mixture  of 
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snow  and  salt.  Thw,  however,  has  since  been  round  to  be  an 
error,  reiy  much  lower  temperatures  being  obtained  b^ 
various  physical  expedients. 

The  temperature  of  a  body  is,  then,  that  elevation  to  whicb 
the  thermometer  would  rise  when  immemcd  in  that  bod;ir. 
Thus,  if  in  plun^ug  the  thermometer  in  water  we  found  the 
mercury  to  riso  or  fall  to  the  division  marked  100,  we  sbouldt 
then  say,  the  temperature  of  the  water  was  100°. 

liCt  un  t>uppn8n  a,  spirit  lamp,  or  other  regular  source 
heat,  applied  to  a  bath  of  mercury,  so  as  to  maintain  the  mer*^ 
ouiy  at  a  fixed  temperature  of  200%  and  let  another  veaael,, 
containing  a  quantity  of  ice  at  a  tempprature  of  20*  be  im- 
mersed in  the  mercury.  Let  a  thermometer  he  placed  in  the 
mercury,  and  another  in  the  ice.  The  following  effects  will 
then  ensue.  The  thermometer  immersed  in  the  ice  will  be 
observed  gradually  to  rise  from  iiO°  upwards,  until  it  indicates 
the  temperature  of  33*.  It  will  then  become  stationary,  and 
the  ice  which  had  hitherto  remained  in  a  solid  stjite  will  begin 
to  melt  and  be  converted  into  water.  This  process  of  lique- 
faction will  continue  for  a  considerable  time,  during  which 
the  thermometer  immersed  in  the  ice  will  constantly  be  main> 
tained  at  32°.  At  the  moment,  however,  when  the  last  por- 
tion of  ice  is  liquefied,  the  thermometer  will  begin  again  to 
rise.  The  coincidence  of  this  ascent  of  tl>e  thermometer 
with  the  completion  of  the  liquefaction  of  the  ice,  may  be 
vety  easily  observed,  because  the  ice  being  lighter,  bulk  for 
bulk,  than  water,  will  float  on  the  surface,  and  so  long  as  a 
particle  of  it  remains  unmelted  it  will  be  distinctly  seen. 

Now  it  cannot  bo  doubted  that,  during  the  whole  of  this 
process,  the  mercury,  supposed  to  be  maintained  at  SOO*,  con- 
stantly imparts  heat  to  the  ice  ;  yet,  from  the  moment  the 
litpiefiiction  hegins,  until  it  is  completed,  no  incrensetl  tem- 
perature is  exhibited  by  the  thermometer  immersed  in  the 
melting  ice.  If  during  this  part  of  the  process  no  beat  were 
received  by  the  ice  from  the  mercury,  the  consequence  would 
be,  that  the  application  of  the  lamp  would  cause  the  temper- 
ature of  tlio  mercury  to  rise  above  SOO",  which  may  l>e  easily  i 
demonstrated  hy  withdrawjng  the  vessel  of  ice  from  the  mer« 
rurial  bath  during  the  prneess  of  liqucfaclion.     The  moment 
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it  is  withdrawn,  the  thurtiioiuctcr  imiuei-st:d  in  the  mercury, 
instead  of  remaining  Hxed  at  i^OO**,  will  b^in  to  rise,  itlchoujfh 
llic  ucliuu  of  the  lamp  remains  thu  smuo  as  bi.-fore ;  from 
which  it  is  evident  that  tlie  heiit  which  now  causes  the  mer- 
cury to  rise  above  ^£U0°  was  before  received  by  the  melting 
ice. 

The  heat  which  tlms  eiitera  zee  In  Uie  process  of  liquefac- 
tion, and  which  is  not  indicated  by  the  tbermometert  is  fur 
this  reason  called  latent  heat.  It  will  be  perceived  that  this 
phrase  is  the  name  of  a  fact)  and  not  of  an  hypothesis.  That 
heat  really  enters  the  water,  and  is  couiained  in  it,  has  buen 
established  by  the  experiments ;  and  to  declare  that  it  is  present 
there,  is  to  declare  an  established  fact.  To  call  it  by  the  name 
tateni  heat,  is  to  declare  anotiier  cstabU:ihed  fact,  vh.j  that  it 
is  not  sensible  to  the  thennumeter. 

These  facki  show  us  that  heat  is  capable  of  existing  in  bo- 
dies in  two  distinct  states,  in  one  of  which  it  is  sensible  to  the 
thermometer,  oud  in  the  other  not.  llcat  which  is  sensible  to 
the  thermometer  is  called,  for  distinction,  sensible  or  free  heat. 
It  luay  be  here  observed,  tliat  heat  which  b  sensible  to  the 
thermometer  is  also  perceptible  by  the  senses,  and  heat  not 
sensible  to  tlie  thcnuometcr  is  nut  perceptible  by  the  senses. 
Thus,  ice  at  S*"  and  water  at  3ii°  feel  equally  cold,  and  yet 
we  have  seen  that  the  latter  contains  considerably  more  heat 
than  the  former. 

Dr.  Black,  who  first  uuliccd  the  remarkable  fact  to  wtiich 
we  have  now  alluded,  inferred  that  ice  is  converted  ioto  water 
by  conmmnicating  to  it  a  certain  quantity  or  dose  of  heat, 
which  cnteis  into  combination  with  it  in  a  manner  analogous 
to  that  which  takes  place  when  bodies  conibint  chemically. 
The  heal,  thus  combined  with  the  solid  ice,  loses  its  property  of 
alfcctiug  tlie  senses  or  the  tbermumetert  uud  the  effects  there- 
fore bear  a  resembUiice  to  those  cases  of  chemical  combia- 
ation  in  which  the  constituent  elements  change  their  sensible 
pruperties  when  tbey  form  the  compound, 

Tbc  fact  that  the  thermometer  iuuuersed  in  the  tee  remains 
stationary  only  as  long  as  the  process  of  liquefaction  is  going 
on,  shows  that  this  absorption  of  heat  is  necessarily  connected 
witli  that  process,  and  that,  were  it  nut  for  ihc  conversion  (jf 
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tbo  solid  ico  into  liquid  wnU:r,  the  heal  wluch  i«  so  received 
would  be  sensible,  and  would  cause  the  thermometer  immersed 
in  the  ice  to  rise.  Before  the  time  of  Black  it  was  sup|K>se<l 
thut  the  slightest  addition  oC  heat  would  cause  soUd  ice  to  be 
converted  into  water,  and  that  the  thormometcr  would  imme- 
diately pasa  from  the  Iree/in^  temperature  to  higher  degrees* 
'file  experiments  above  described,  however,  show  the  ikke- 
hood  of  Huch  a  supposition.  If,  while  the  mercurial  bath,  m 
which  the  ice  Is  immersed,  is  maintained  at  the  temperature 
of  £00°,  the  length  of  time  necessary  to  complete  the  Uqu<^• 
faction  of  the  ice  be  observed,  it  would  be  found  that  tliat  time 
is  about  twenty-eight  times  the  length  of  time  which  it  would 
take  to  raise  the  liquid  water  from  32'^  to  37° ;  and  if  it  be  as- 
sumed that  the  same  quantity  of  heat  is  imparted  to  the  ice, 
during  the  prucess  of  U()uefaction,  during  each  minute,  as  ii 
imparted  to  the  water,  during  each  niinuie.  in  rising  from  3^ 
to  37",  it  will  follow,  that  to  liquefy  the  ice  requires  twenty- 
eight  times  as  much  heat  as  is  necessary  to  raise  the  water 
from  82°  to  SV*^.  It  apprnrs,  therefore,  tliat,  instead  of  a 
small  quantity  of  heat  being  necessary  to  melt  the  ice.  a 
very  considerable  portion  is  absorbed  in  that  process. 

Having  ascertained  the  remarkable  fact,  that  heat  is  al>> 
sorbed  in  a  large  quantity  in  the  conversion  of  ico  into  water, 
witliout  rendering  the  body  so  absorbing  it  warmer,  let  us  now 
inquire  what  thecxacl  quantity  of  heat  so  absorbed  is.  We 
have  already  stated  that,  if  the  quantity  caomiunicated  in 
eqiud  times  be  the  same,  the  heat  necessary  to  liquefy  n  given 
weight  of  ice  would  be  twenty>eight  limes  as  much  ns  would 
hf  necessary  to  raise  Uie  »aw^  weight  uf  water  from  SiV  to 
37* ;  or,  if  the  heat  accessary  to  raise  water  through  every  5" 
be  the  same,  tlut  quantity  of  heat  would  be  sufficient  to  raise 
water  from  Sti'*  to  175J* :  and  hence  we  infer,  that  aa  much 
heat  is  absorbed  in  the  liquefaction  of  u  given  quantity  of  icv 
aa  would  mise  the  same  quantity  of  water  tbrough  140  de- 
grees of  the  thcnnometric  scale. 

(52.)  Let  us  now  examine  ihe  analogous  ciFccts  produced  by 
the  continued  application  of  heat  to  water  in  the  Uquid  stale. 

Let  a  small  quantity  of  water  be  placid  in  a  ghias  floak  of 
cuuaidnabic  si^e,  and  then  vlosi-d  so  u»  to  prevent  the  escape 
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of  any  vapour.  Let  lliis  vesaci  bu  now  placed  over  the  ilamo 
of  a  spirit  lamp,  so  aa  to  causo  the  water  it  contains  to  boil. 
For  a  considerable  time  the  water  will  be  observed  to  boil,  and 
apparently  to  diminish  in  quauritj,  until  at  length  oU  the 
water  disappears,  and  the  vessel  is  apparently  empty.  If  the 
vessel  be  now  removed  from  the  lamp,  and  suspended  in  a  cool 
atmosphere,  the  whole  of  the  interior  ai  its  surface  will  pre- 
sently appear  to  be  covered  with  a  dewy  moisture;  and  at 
length  a  quantity  of  water  will  collect  in  the  bottom  of  it, 
equal  to  that  wiiich  had  been  iu  it  at  the  commencement  of 
the  process.  That  no  water  has  at  any  period  of  the  experi- 
ment escaped  from  it,  may  be  easily  determined,  by  perform- 
ing the  experiment  with  the  glass  flask  suspended  frum  the 
ann  of  a  balance,  counterpoised  by  a  sufficient  weight  sus- 
pended from  the  other  arm.  The  equilibrium  will  be  preserved 
tliruughout,  and  the  vessel  will  be  found  to  have  the  same 
weight,  when  tu  all  appearance  it  is  empty,  as  when  it  con- 
tains the  liquid  water.  It  Is  evident,  therefore,  that  the  water 
exists  in  the  vessel  in  every  stage  of  the  process,  but  that  il 
becomes  invisible  when  the  process  of  boiling  has  continued 
for  a  certain  length  of  time ;  and  it  may  be  shown  that  it  will 
continue  to  be  invisible,  provided  tlie  flask  be  exposed  to  a 
temperature  considerably  elevated.  Thus,  for  example,  if  it 
be  suspended  in  a  vessel  of  boiling  water,  the  water  which  it 
contains  will  continue  to  be  invisible ;  but  the  moment  it  is 
withdrawn  from  the  boiling  water,  and  exposed  to  the  cold 
air,  the  water  will  again  become  visible,  au  above  ineutioued, 
ibnuing  a  dew  on  the  inner  surface,  and  finally  collecting  in 
the  bottom,  as  in  the  commencement  of  the  experiment. 

In  fact,  the  liquid  has,  by  the  process  of  boiling,  been  con- 
verted into  vapouTt  or  ateamt  which  is  a  body  similar  in  its 
leading  properties  to  conmion  air,  and,  like  it,  is  invisible. 
It  will  hereafter  appear  that  it  likewise  possesses  the  property 
of  elasticity,  and  other  mecliantcnl  qualities  enjoyed  by  gases 
iu  general. 

(63.)  Again,  let  an  open  vessel  be  filled  with  water  at  GO**, 
and  placed  in  a  mercurial  bath,  which  is  maintained,  by  a  firc  or 
lamp  applied  to  it,  ut  the  temperature  of  230°.  Place  a  ther- 
mometer ill  the  water,  and  it  will  be  observed  gradually  to 
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rise  as  the  temperature  of  the  water  is  increased  hy  Uie 
which  it  receives  from  the  mercury  in  which  it  is  immerwd. 
The  water  will  steadily  rise  in  this  manner  until  it  attains  the 
temperature  of  2\2° ;  but  here  the  thermometer  immersed  in 
it  will  become  stationary.      At  the  same  time  the  water  con- 
tained in  the  vessel  will  become  agitated,  and  its  surface  wiU 
present  the  same  appearance  as  if  bubbles  of  air  were  xitiogi 
from  the  bottom,  and  issuing  at  the  top.     A  cloudy  Tapoor' 
will  be  given  off  in  Urge  quantities  from  its  surface.     This  I 
process  is  called  ebullition  or  boiling.     If  it  be  continued  fori 
any  considerable  time,  the  quantity  of  water  in  the  vessel  will 
be  sensibly  diminished ;  and  at  length  every  particle  of  it  will 
disappear,   and  the  vessel  vvill  remain  empty.     During  the 
whole  of  this  process,  the  thermometer  immersed  in  the  water) 
will  remain  stationary  at  ^IS**. 

Now,  it  will  bo  asked,  what  has  become  of  the  water?  It 
cannot  be  imagined  that  it  lias  been  annihilated.  We  shall  be 
able  to  answer  this  by  adopting  means  to  prevent  the  escape 
of  any  particle  of  matter  froui  tlic  vessel  containing  the  watery 
into  tlie  atmosphere  or  elsewhere.  Let  us  suppo«e  that  the 
top  uf  the  vessel  containing  tlie  water  is  closed,  with  the  ex- 
ception of  a  neck  communicating  with  a  tube,  and  let  that  tube 
be  corned  into  another  close  Tessel  removed  from  llio  cistern 
of  heated  mercury,  and  plunged  in  another  cistern  of  cold 
water.     Such  an  apparatus  is  represented  in  fig.  15. 
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IA  is  B  cistern  of  heated  mercury,  in  which  the  ^laM  Tenfil 
It,  containing  water,  is  immersed.  From  the  top  of  the  vend' 
B  proceeds  a  ghus  tnbe  c,  inclining  downwards,  and  entering 
a  glass  vessel  D,  which  is  immersed  in  a  cistern  £  of  cold  watex;,^ 
If  the  process  already  described  be  continued  until  the  watcc 
by  constant  ebullition  has  disap]ieared,  as  already  meuliuncd, 
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&om  the  vessel  fi,  it  will  be  found  that  a  quantity  of  water 
will  be  collected  in  the  vessel  d  ;  and  ii'  thia  water  be  weighed, 
il  will  be  found  to  have  exactly  the  same  weight  as  the  water 
had  which  was  originally  placed  in  the  vessel  d.  It  is,  thcre- 
fbre»  quite  apparent  that  the  water  has  passed  by  the  process 
of  boiling  from  the  one  vessel  to  the  other;  but,  in  its  pas- 
sage, it  was  not  perceptible  by  the  sight.  The  tube  c  and 
the  upper  part  of  the  vessel  b,  had  the  same  appearance, 
exactly,  as  if  they  bad  been  filled  with  atmospheric  air. 
That  tiiey  are  not  merely  filled  with  atmospheric  air  may, 
however,  be  easily  proved.  When  the  process  of  boiling 
first  commences,  it  will  be  found  that  the  tube  c  is  cold,  and 
the  inner  surface  dry.  When  the  process  of  ebullition  has 
continued  a  short  time,  the  tube  c  will  become  gradually 
heated,  and  the  inner  surface  of  it  covered  with  moisture. 
Ji£teT  a  time,  however,  this  moisture  disappears,  and  the  tube 
kBttaina  the  temperature  212°.  In  tins  state  it  continues  until 
the  whole  of  the  water  is  discharged  irom  the  vessel  d  to  tlic 
vessel  D. 

(54.)  These  efiects  are  easily  explained.  The  water  in  the 
ssel  B  is  incapable  of  receiving  any  higher  temperature  than 
212%  consistently  with  its  retaining  the  liquid  form.  Small 
portions,  therefore,  are  constantly  converted  into  steam  by  the 
beat  received  from  the  surrounding  mercury,  and  bubbles  of 
steam  are  formed  on  the  bottom  and  sides  of  the  vessel  b. 
These  bubbles,  being  very  much  lighter,  bulk  for  bulk,  tlian 
water,  rise  rapidly  through  the  water,  just  in  the  same  manner 
as  bubbles  of  air  would,  and  produce  thiit  peculiar  agitation 
at  its  surface  which  has  been  taken  as  the  external  indication 
of  boiling.  They  escape  &om  the  surface,  and  collect  iu  the 
upper  part  of  the  vessel.  The  steam  thus  collected,  when  it 
first  enters  the  tube  c,  is  cooled  below  die  temperattire  of 
213®  by  the  surface  of  the  tube;  and  consequently,  being  iii- 
cajKiblc  of  remaining  in  the  state  of  vapour  at  any  lower  tem- 
perature than  ^1^",  it  is  reconverted  into  water,  and  forms  the 
dewy  moisture  which  is  observed  in  the  commencement  of  the 
process  on  the  interior  of  the  tube  c.  At  length,  however, 
the  whole  of  the  tube  c  is  heated  to  the  temperature  of  J2)ii**, 
and  the  moisture  which  was  previously  collected  upon  its  inner 
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surface  [a  again  converted  into  ateant.     As  the  quantity  of 
slcam  evolved  from  the  water  in  B  increases,  it  drives  befoFS 
it  the  steam  previously  collected  in  the  tube  c,  and  forcea  it 
into  the  vessel  b.     Here  it  encounters  the  inner  surface  of 
lliis  vessel}  which  is  kept  constantly  cold  by  being  surroundedi 
with  the  cold  water  in  which  it  is  immersed ;  and  the  rapouTfj 
being  thus  immediately  reduced  below  the  temperature 
21:^,  is  reconverted  into  water.     At  first  it  collects  in  a  del 
on  the  surface  of  the  vessel   d  ;  but  as  this  accumulates,  it 
drops  into  the  bottom  of  the  vessel,  and  fonnw  a  more  consi- 
derable quantity.     As  the  quantity  of  water  is  observed  to  be 
gradually  diminished  in   the  vessel   b,  tlic  quantity  will  ba 
found  to  be  ^nuiualty  increased  in  the  vessel  u ;  and  if  tlw^ 
operation  be  suspended  at  any  stage  of  the  process,  and  the 
water  in  the  two  vessels  weighed,  it  will  be  found  that  the 
weight  of  the  water  in  D  is  exactly  equal  to  the  weight  which 
the  water  in  B  has  lost. 

(55.)  The  demonstration  is,  therefore,  perfect,  that  the  gra- 
dual diminution  of  the  boiling  water  in  the  vessel  B  is  produced 
by  the  conversion  uf  that  water  into  steam  by  the  heat.     In 
the  process  first  described,  when  the  top  of  the  vessel  b  wat- 
supposed  to  be  open,  tliis  steam  made  its  escape  into  thcairr^ 
where  it  was  first  dispersed,  and  subsequently  cooled  in  aeju^l 
rate  [)artlclea,  and  was  deposited  in  minute  globules  of  moisture 
ou  the  ground  and  on  surrounding  objects. 

(5G.)  In  reviewing  this  process,  we  are  struck  by  the  <acl, 
that  the  continued  application  of  heat  to  the  vessel  b  is  inca- 
pable of  raising  the  temperature  of  the  water  contvuned  in  il 
above  UMi^.  This  presents  an  obnous  analogy  to  the  process  of 
liquefaction,  and  leads  to  inquiries  of  a  similar  nature,  which 
•re  attended  with  a  like  result.  We  must  cither  infer,  that 
tJic  water,  having  arrived  at  ifl:^",  received  no  more  heat  froiti 
tjie  mercury;  or  that  such  heat,  if  received,  is  incapable  of 
afiecting  the  thermometer;  or,  finally,  that  the  steam  which 
paaaos  ulf  carries  this  heat  with  it.  That  tlie  water  receives 
heat  from  the  mercury,  will  be  proved  by  the  fact,  that,  if  the 
vcsael  u  be  removed  from  the  mercury,  other  thijigs  remaining 
lu  before,  the  temperature  of  the  mercury  will  rapidly  rise,  ond- 
if  the  fire  be  continued,  it  will  even  buU ;  but  so  long  u  tbe 
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D  remains  immersed,  it  prevents  the  mercury  from  in- 
creasing in  tL-inpcrature.  It  therefore  rei:ei?cs  that  heat  which 
would  otherwise  raise  the  temperature  of  the  quicksilver. 

If  a  thermometer  be  immersed  in  the  steam  which  collects 
in  iJie  upper  part  of  the  vessel  B,  it  will  show  the  same  tem- 
perature (of  212^)  as  the  water  from  which  it  is  raised.  The 
Inttt,  therefore,  received  from  the  mercury,  is  clearly  not  im- 
parted in  a  sensible  form  to  the  steam,  which  has  the  same 

^iMuperaturc  in  the  form  of  steam  as  it  had  in  the  form  of 
Iter.  What  has  been  already  cxplainedrespecting  liquefaction 
would  lead  us,  by  analogy,  to  suspect  that  the  heat  imparled 
by  the  mercury  to  the  water  has  become  latent  in  the  steam, 
and  is  iustrumeatal  tu  the  conversion  of  water  into  steam, 
ia  the  same  manner  as  heat  has  been  shown  to  be  instru- 
mental to  the  conversion  of  ice  into  water.  As  the  fact  was  in 
that  cose  detected  by  mixing  ice  with  water,  so  we  utmll,  in  the 
present  instance,  try  it  by  a  like  test,  viz,  by  mixing  water 
with  steam.  Let  about  five  ounces  and  a  half  of  water,  at  the 
temperature  of  3;^^,  be  placed  in  a  Ft<t.  in. 
vessel  A  (Jiff.  ]G.)i  and  let  onotbei 
el  B,  in  which  water  is  kept  con- 

rttaotly  boiling  at  the  temperature  ot 
£12°,  communicate  with  A  by  a  pipe  "^ 
c  proceeding  from  the  tup,  so  that 
Uic  steam  may  be  conducted  from  b, 

land  escape  from  the  mouth  of  the  pipe  at  Auinc  depth  below 
the  suriiice  of  the  water  in  a.  As  the  steam  issues  from  the 
pipe,  it  will  be  immediately  reconverted  into  water  by  the  culd 
water  which  it  encounters;  and,  by  continuing  this  process,  the 
water  in  a  will  be  gradually  heated  by  tlic  steam  combined 
with  it  aud  received  through  the  pipe  c.  If  this  process  be 
coutiuucd  until  the  water  in  a  is  raised  to  the  temperature  of 
'Z\2^,  it  will  boil.  Let  it  then  be  weighed,  and  it  will  be 
found  to  weigh  six  ounces  aud  a  half:  from  whence  wo  infer, 
that  one  ounce  of  water  has  been  received  from  the  vessel  u 
iti  the  form  of  steam,  and  has  been  reconverted  into  water  by 
the  inferior  temperature  of  the  water  in  a.  Now,  this  ounce 
uf  water  received  in  the  forcu  of  sLeaw  into  ike  vessel  a  had, 
when  in  that  form,  the  temperature  of  212".     It  is  now  cou- 
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verted  into  the  liquid  funn,  and  still  retains  the  une  taOH 
pcraturc  of  2\^;  but  it  hu  caus^  the  fivo  uuncifs  and  a  half 
of  water  with  which  it  Ima  been  mixed,  tu  riHe  from  the  tem- 
perature of  aJJ**  to  the  tcmperftturc  of  ^1JJ°,  —  and  thia,  mfA- 
oat  loting  any  temperature  iUe^f,  It  followa,  therefore,  that, 
in  retuminf^  to  the  liquid  state,  it  has  parted  with  as  much 
heat  OA  is  ciipable  of  rai»iug  five  times  uud  a  half  its  onvn 
weight  of  water  from  !)if°  to  ii\2°*  This  heat  was  combined 
with  the  steam,  though  not  sensible  to  the  therniumeter ;  and 
was,  Uiercfore,  latent.  Had  it  been  sensible  in  the  water  in 
Bj  it  would  have  caused  tiie  water  to  have  risen  through  a 
number  of  thermometric  degrees,  amounting  to  live  timMand 
a  half  the  excess  of  :213''  above  iJiJ° ;  tliat  is,  through  Hve 
times  and  a  half  180" ;  for  it  has  caused  five  times  and  a  half 
its  own  weight  of  water  to  receive  an  equal  increase  of  tem- 
perature. But  fivo  times  and  a  half  1S0°  is  9!H)^,  or,  to  use 
round  numbers  (for  minute  accuracy  is  not  here  our  object), 
1000*^.  It  follows,  therefore,  that  an  ounce  of  water,  in  pnn 
iiig  from  the  liquid  state  at  212°  to  the  state  of  steam  at  213S*, 
Kceives  as  much  heat  as  would  be  sullicient  to  raise  it  through 
lUOU  thermometric  degrees,  if  that  beat,  iustead  of  becoming 
latent,  luid  been  sensible. 

(57.)  In  order  to  derive  all  the  knowledge  from  tJtese  ex- 
periments which  they  arc  capable  of  imparting,  it  will  bb 
necessary  to  examine  very  carefully  how  water  comports 
itsi^lf  under  a  variety  of  difierent  circumstanct^. 

If  water  be  boiled  in  an  open  vessel,  wiili  u  thermometer 
immersed,  on  difTereut  days,  it  will  bo  ob$er^'ed  that  the  fixed 
temperature  which  it  ojisumcs  in  boiling  will  be  subject  to  a 
variation  within  certain  small  limits.  Thus,  at  one  time,  ic 
will  be  found  to  boil  at  the  temperature  of  210*";  while,  at 
others,  the  thermometer  immersed  in  it  will  rise  to  213'*)  and, 
on  diflfereot  uccasiuns,  it  will  fix  itself  at  difiereut  poinU  within 
these  limits.  It  will  also  be  found,  if  the  same  experiment 
bo  performed  at  the  same  time  in  distant  places,  that  iho 
boiling  points  will  be  subject  tu  a  like  variation.  Now,  it  is 
natural  to  inquire  what  cause  produces  this  variation  ;  and  we 
shall  be  led  tu  the  discovery  of  the  cause,  by  examining  what 
other  physical  effects  undergo  a  simultaneous  diangc. 
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If  wc  observe  the  height  of  the  barometer  at  the  time  of 
making  each  experiment,  we  shall  find  a  very  remarkable  cor- 
respondence between  it  and  the  builing  temperature,  inva- 
riably, whenever  the  barometer  stands  at  the  same  height, 
the  boiling  temperature  will  be  the  same.  Ttius,  if  the  ba- 
rometer stands  at  .'SO  inches,  the  boiling  temperature  will  be 
212°,  If  the  barometer  fall  to  29J  inches,  the  thermometer 
stands  at  a  small  iraclion  above  ^1 1°.  If  the  barometer  rise 
to  .SO^  inches,  the  boiling  temperature  rises  to  nearly  21.3". 
The  variation  in  the  boiling  temperature  is,  then,  accompa- 
nied by  a  variation  in  the  pressure  of  the  atmosphere  indi- 
cated by  the  barometer;  and  it  is  constantly  found  that  the 
boiling  point  will  remain  unchanged,  so  long  as  the  atmo- 
spheric pressure  remains  unchanged,  and  that  every  increase 
in  the  nne  causes  a  corresponding  increase  in  the  other. 

(58.)  From  these  iaets  it  must  be  inferred,  that  the  pressure 
excited  on  the  surface  of  the  water  has  a  tendency  to  resist  its 
ebullition,  and  to  make  it  necessary,  before  it  can  boil,  that 
it  should  receive  a  higher  temperature;  and,  on  the  contrary, 
that  every  diminution  of  pressure  on  the  surface  of  tlie  water 
will  give  an  increased  facility  to  the  process  of  ebullition,  or 
will  cause  that  process  to  take  place  at  a  lower  temperature. 
As  these  facts  are  of  the  utmost  importance  in  the  theory  of 
heat,  it  may  be  useful  to  verify  them  by  direct  experiment. 

If  the  variable  pressure  excited  on  the  surface  of  the  water 
by  the  atmosphere  be  the  cause  of  the  change  in  the  boiling 
temperature,  it  must  happen,  that  any  change  of  pressure 
produced  by  artiBcial  means  on  the  surface  of  the  water  must 
Likewise  change  the  boiling  point,  according  to  the  same  law. 
Thus,  if  a  pressure  considerably  greater  than  the  atmo- 
spheric pressure  be  excited  on  a  liquid,  the  boiling  point  may 
be  expected  to  rise  considerably  above  2l!2°;  and,  on  the 
other  hand,  il"  the  surface  of  the  water  bo  relieved  from  the 
prenure  of  the  atmosphere,  and  be  submitted  to  a  consider- 
ably dimiuifihed  pressure,  the  water  would  boil  below  212°. 

Let  B  {Jig'  17')  be  a  strong  spherical  vessel  of  brass,  sup- 
on  a  stand  s,  under  which  is  placed  a  large  spirit 
.y  or  other  means  of  heating  it.  In  the  top  of  tliis 
are  three  apertures,  in  two  of  which  arc  screwed  a 
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tliermomctcr  T,  the  bulb  of  which  ei»tcr§  ihc  hollow  hnm 

Bphere,  and  a  stop-cock  c,  which  may  be  closed  or  opened  Jit 

pleasure,  to  confine  the  steam,  or  allow  m  '"V*  "■ 

it  to  escape.      In   the  third  aperture 

at  the  top,  is  screwed  a  long  barometer 

tube,  open  at  both  ends.     The  lower 

end  a^  this  tube  extends  nearly  to  the 

bottom  of  the  spherical  vessel  B.     In 

the  bottoui   of  this  vessel  is  placed  a 

quantity    of  mercury,    the   surface   of 

which  rises  to  some  height  above  the 

lower  end  of  the  tube  a.      Over  the 

mercury  w  poured  a  quantity  of  water, 

so  ns  to  half  611  the  vessel  b.     Matters 

being    thus  arranged,    (he    screws  are 

made  tight,  so  as  to  confine  the  water, 

and  the  lamp  is  allowed  to  act  on  the 

vessel ;  the  temperature  of  the  water  is 

raised,  and  steam  is  produced,  which, 

being  confined  within  the  vessel,  exerta 

its  pressure  on  the  surface  of  the  water, 

and  resists  its  ebulUtiun.     The  pressure 

of  the  steam  acting  on  the  surface  of 
the  water  is  communicated  to  tbe  surface 
of  tbe  mercury,  and  it  forces  a  portion  of 
cho  mercury  into  the  tube  a,  which  presently  rises  above 
the  point  where  the  tube  is  screwed  into  the  top  of  iho 
vessel  B.  As  the  action  of  the  lamp  continues,  the  ther- 
mometer T  exhibits  a  gradually  increasing  temperature; 
while  the  column  (if  mercury  in  a  shows  the  force  with  which 
tlie  steam  presses  on  the  surface  of  the  water  in  b, —  tliis 
column  being  balanced  by  the  pressure  of  the  steam.  TbuPi 
the  temperature  and  preutire  of  the  steam  at  the  same  mo- 
ment may  always  bu  observed  hy  inspecting  tlie  thermor 
T  and  the  tube  a.  When  the  column  in  the  tube  a  bai 
lo  the  height  of  30  inches  above  tbe  level  of  the  mercury 
the  vcMcl  II,  then  the  pressure  of  the  steam  will  be  cquivft- 
Icnt  to  double  the  pressure  of  the  atmosphere,  because,  the 
lube  A  being  oj>en  at  the  tiip,  the  atmosphere  prease*  on  tbe 
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surface  of  Oie  mercury  in  it.  Tile  ihemiometor  t  will  be  ob- 
served j^dually  to  rise  until  it  attains  the  temperature  of 
212**;  but  it  will  not  stop  tbere,  n»  it  would  do  if  immersed 
in  water  boiled  in  an  open  vessel.  It  will,  on  the  other  band, 
continue  to  rise;  and  when  the  column  of  mercury  in  a  has 
attained  the  height  of  ^0  inches,  the  thennometcr  t  will  have 
risen  to  251%  —  being  30*  above  the  ordinary  boiling  point. 

During  the  whole  of  this  process,  the  surface  of  the  water 
being^  submitted  to  a  constantly  increasing  pressure,  its  ebul- 
lition is  prevented,  and  it  continues  to  receive  heat  without 
boiling.  That  it  is  Uie  increased  pressure  which  resists  itit 
ebullition,  and  causes  it  to  receive  a  temperature  above  212*, 
may  be  easily  shown.  Let  the  stop-cock  c  be  opened ;  im- 
mediately the  steam  in  b,  having  a  pressure  considerably 
greater  than  that  of  the  atmosphere,  will  rush  out,  and  will 
continue  to  issue  from  c,  until  its  pressure  is  balanced  by  thu 
atmos]>here.  At  the  same  time  the  column  of  mercury  in  a 
will  be  observed  rapidly  to  fall,  and  to  sink  below  the  orifice 
by  which  it  is  inserted  in  the  vessel  b.  The  thcm^ometer  t 
will  also  fall  until  it  attains  the  tcmi>erature  of  212°.  At  that 
point,  however,  it  will  remain  stationary;  and  the  water  will 
DOW  be  distinctly  heard  to  be  in  a  state  of  rapid  ebullition.  If 
the  stop-cock  c  be  once  more  closed,  the  iherraometer  will 
■  begin  to  rise,  and  the  column  of  mercury  ascending  in  a  will 
r       be  again  visible. 

I  If,  instead  of  a  atop-ccck  being  at  c,  the  aperture  were 

I  made  to  communicate  with  a  valve,  like  the  safety-valve  of  a 
^^uteam  engine,  loaded  with  a  certain  weight,  -  say  at  the  rate  of 
^^VI51b3.  on  the  square  inch, — then  the  thermometer  t,  and  the 
mercury  in  the  tube  a,  would  not  me  indefinitely  as  before. 
Tlic  thermometer  would  continue  to  rise  till  it  attained  the 
temperature  of  251";  and  the  mercury  in  the  tube  a  would 
rise  to  the  height  of  30  inches.  At  this  limit  the  resistance 
nf  the  valve  would  bo  balanced  by  the  pressure  of  the  steam ; 
and  aa  fast  fl«  the  water  would  have  a  leudeucy  to  produce 
•team  of  a  higher  pressure,  the  valve  would  be  raised  and  the 
steam  suffered  to  escape ;  the  thermometer  t  and  the  column 
of  mercury  in  a  remaining  stationary  during  this  process.  If 
the  valve  were  loaded  more  heavily,  the  phenomena  would  be 
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the  ftamc,  only  that  the  mercury  in  t  and  a  would 
stationary  at  certain  heights.  But,  on  the  other  hand,  if  tho 
valve  were  loaded  at  a  less  pressure  thaii  lolbs.  on  the 
square  inch,  then  the  mercury  in  the  two  tubes  would 
come  stationary  at  lower  points. 

(59.)  These  experiments  show  that  every  increase  of  prw^ 
sure  above  the  ordinary  pressure  of  the  atmosphere  causes  an 
increase  in  the  temperature  at  which  water  boils.     We  shall 
now  inquire  whether  a  diminution  of  pressure  will  produce 
a  corresponding  eifecl  on  the  boiling  jwint. 

This  may  be  easily  accomplished  by  the  aid  of  an  air  pump. 
Let  water  at  tlie  temperature  of  200°  be  placed  in  a  glass  vos- 
sel  mider  die  receiver  of  an  air  pump,  and  let  the  air  be  gra- 
dually withdrawn.  After  a  few  strokes  nf  the  pump,  the  water 
will  boil ;  and  if  the  mercurial  gauge  of  the  pump  be  nbsened, 
it  will  be  found  that  hs  altitude  will  be  about  2.*^  inches. 
Thus  the  pressure  to  which  the  water  is  t*ubmitted  has  been 
reduced  from  the  ordinary  pressure  of  tho  atmoNphere  ex- 
pressed  by  tlie  column  of  .^0  inches  of  mercur)*,  to  a  dimi- 
nished pressure  expressed  by  23^  inrhes;  and  we  find  that  the 
temperature  at  which  the  water  Iwils  has  been  lowered  fn>m 
312"  to  200".  I^et  the  same  experiment  be  repealed  willi 
water  at  the  ti-uiiKTuture  of  180°,  and  it  will  1m*  found  that  a 
further  rarefaction  of  the  air  is  necessarj%  but  the  water  will 
at  length  boil.  If  tlie  gauge  of  the  pump  be  now  observed,  it 
will  be  found  in  stand  at  about  fifteen  inches,  showing,  that  at 
the  temperature  of  160°  water  will  boil  under  half  the  ordi- 
nary pressure  of  the  atmosphere.  These  experiments  may  be 
varied  and  repented;  and  it  will  be  alwa^-a  found,  that,  as  the 
pressure  ia  diminished  or  increased,  the  temperature  at  which 
the  water  will  boil  will  be  also  diminished  or  increased. 

(GO.)  The  some  eficcts  may  lie  exhibited  in  a  striking  manner 
without  an  air  pump,  by  producing  a  vacuum  by  the  condma- 
ntion  nf  steam.  I-<et  a  small  quantity  of  water  be  places]  in  a 
thin  glass  flask,  and  let  it  be  boiled  by  holding  it  over  a  spirit 
Ump.  When  the  steam  is  observed  to  issue  abundantly  from 
the  mouth  of  the  fliisk,  let  it  l»e  quickly  corked  and  removed 
from  the  lamp.  Tlie  process  of  boiling  will  then  cease,  and 
the  water  will  Ijccnme  quiescent;  but  if  the  flask  lie  plunged 
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in  a  vessel  of  cold  watcr^  the  water  it  contains  yviW  again  pass 
into  a  .state  of  violent  ebullition,  thus  exhibiting  the  mngular 
fact  of  water  being  boiled  hy  cooling  it.  Tliia  t'flccL  is  pro- 
duced by  the  cold  medium  in  which  the  flask  is  immenH;d, 
causing  the  steam  above  the  surface  of  the  water  in  it  to  be 
condensed,  and  therefore  relieving  the  water  from  its  pressure. 
The  water,  under  these  circumstances,  boils  at  a  lower  tem- 
perature than  when  submitted  to  the  pressure  of  the  uncon- 
(lensf^d  vapour. 

(til.)  There  is  no  limit  to  tlie  temperature  to  which  water  may 
be  milted,  if  it  be  submitted  to  a  sufficient  pressure  to  resist 
itf  tendency  to  lake  the  vaporous  form.  If  a  strong  metallic 
vessel  be  nearly  filled  with  water,  so  as  to  prevent  the  liquid 
from  escaping  by  any  force  wliieh  it  can  exert,  the  water  thus 
inclosed  may  be  heated  to  any  temperature  whatever  *vitlmut 
boiling;  in  fact,  it  may  be  ntade  red-hot;  and  the  temperature 
to  which  it  may  be  raised  will  have  no  limit,  except  thestrength 
of  the  vessel  containing  it,  or  the  point  at  which  the  metal  of 
which  it  is  formed  may  begin  to  soften  or  to  be  fused. 

!((i2.)  The  following  table  will  show  the  temperature  at  which 
irater  will  boil  imder  diflerent  pressures  of  tliu  atmosphere 
corrcsponduig  to  Uie  altitudes  of  the  barometer  between  26 
and  31  inches. 


Boiling  Point 
20t"-9l 
S(W*-79 

a07°-S5 

BIO'19 
21 1-'OT 

212° 

21£*>'S8 

2I3'-76 


From  this  table  it  appears,  that,  for  every  tenth  of  an  inch 
which  the  barometric  colunm  varit^s  between  these  liniitsi,  the 
boiling  temperature  changes  by  the  fraction  of  a  degree  ex- 
pressed by  the  decimal  *17C,  or  nearly  by  the  vulgar  frac- 
tion i. 

(63.)  In  the  oxperimcnt  idready  described,  by  which  the  la- 
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U'liL  Iiciit  of  steam  was  tlt-'termined,  the  water  was  supposed 
to  bo  boiled  imder  the  ordinary  pressure  of  the  atmosphere. 
Haviug  seen,  however,  tliat  water  may  boil  at  different  tem- 
peratures, under  different  pressures,  tJie  inquiry  presents  it- 
self, whether  the  heat  absorbed  in  vapomatiou  at  dilTerent 
temperatures,  and  wider  different  pressures,  is  subject  to  any 
variation?  Experiiueuts  of  the  same  nature  as  tliosc  already 
descrihe<l,  instituted  upon  water  in  a  state  of  ebullition  at  dif- 
ferent temperatures,  as  well  below  as  above  312**,  have  led  to 
the  discovery  of  a  very  reniarkablc  fact  in  th«  theory  of  va- 
pour. It  bus  been  found  that  tlie  heat  absorbed  by  vaporis- 
ation is  always  less,  the  higher  the  temperature  at  which  the 
ebullition  takes  place;  and  less,  by  the  same  amount  as  the 
teuiperoture  of  ebullition  is  increased.  Thus,  if  water  boil  at 
3X2°,  tlic  heat  absorbed  in  ebullition  vd]!  be  less  by  100°  thau 
if  it  boiled  ai  212*^;  and  a^in,  if  water  he  boiled  under  a  di- 
minished pressure,  at  1 12°,  tlie  heat  absorbed  in  vapuri»ation 
will  be  100*  more  than  the  heat  absorbed  by  water  boiled  at 
J212'.  It  followB,  therefore,  that  the  actual  consumption  of 
heat  in  the  process  of  vaporisation  mujit  he  tlic  same,  what- 
ever be  the  temperature  at  which  the  vaporisation  takes  place; 
for  whatever  heat  is  saved  in  the  sensible  form,  is  comiumed  in 
the  latent  fonn,  and  dee  versa. 

Let  us  suppose  a  given  weight  of  water  at  the  temperature 
of  32"  Ui  be  exposed  to  any  regular  source  by  which  heat  may 
be  supplied  to  it.  If  it  be  under  the  ordinar)'  atmospheric 
pressure,  tlie  first  180°  of  heat  which  it  reeeivea  will  raise  it 
to  the  boiling  point,  and  the  next  1000°  will  convert  it  into 
steam.  Thus,  in  addition  to  the  heat  which  it  contains  at 
32",  tlie  steam  at  212"  contains  1180°  of  heat.  But  if  the 
same  water  be  submitted  to  a  preasiu-e  equal  to  half  the  at- 
mospheric pre^isure,  then  the  furst  \iS°  of  heat  wliich  it  re- 
ceives will  cause  it  to  boil,  and  the  next  10^2"  will  convert 
it  into  vapour.  Thus,  steam  at  the  temperature  of  180*  con- 
tains a  quantity  of  heat  more  than  the  same  quantity  of  water 
at  32:",  by  1032*  added  to  14«°,  which  gives  a  sum  of  UiW*. 
Steam,  tlicrcfore,  raised  mider  the  ordiiuuy  pressure  of  the 
atiuosphere  at  212°,  and  steam  raised  under  hfdf  that  pressure 
at  IbO",  contain  tlie  same  quantity  of  heat, — with  tliis  difl'er- 
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oiily — that  the  one  has  more  latent  heat,aud  less  sensible 
heat,  than  the  other. 

From  this  fact,  that  tlie  sum  of  the  latent  and  sensible  heats 

of  tho  vapour  uf  water  is  constant,   it  follows  that  tlic  santi* 

quantity  of  heat  is  necessary  to  convert  a  given  weight  of  water 

Linlo  steam,  at  whatever  temperature,  or  umler  whatever  pres- 

LBure,  the  water  may  be  boiled.     U  follows,  also,  that,  in  tJie 

[•tcnm  engine,  equal  weights  of  high-pressure  and  low-pressiu-e 

[iteam  are  produced  by  the  siinie  coiisumjition  of  fuel;  and 

that,  in  general,  the  consumption  of  fuel  is  prupurtlonal  to  the 

quantity  of  water  vaporised,  whatever  the  pressure  of  the 

may  be.* 

(64.)  Having  explained  the  conditions  under  which,  by  sup- 
plying heat  to  water,  it  is  cDuverted  into  steam,  and,  by  ab- 
stracting heat  from  steam,  it  may  be  reconverted  into  water, 
let  us  now  consider  the  mechanical  force  which  is  developed  in 
lese  phenomena. 
Let  A  B  (^.  18.)  be  a  tube,  or  cylinder,  the  base  of  which  is 
«^  jg  equal  to  a  square  inch,  and  let  a  piston  p  move 

iu  It  HO  as  to  be  stcani-light.  Let  it  be  sup- 
posed, that  under  this  piston  there  is,  in  the 
bottom  of  the  cylinder,  a  cubic  inch  of  writer  be- 
tween the  bottom  of  the  piston  and  the  bottom 
of  the  tube;  let  the  piston  be  counterbalanced 
by  a  weight  w  acting  over  a  pulley,  which 
v^ll  be  just  sufBcient  to  counterpoise  the 
weight  of  the  piston,  so  as  leave  no  force 
tending  to  keep  the  piston  down,  except  tlic 
force  of  the  atmosphere  acting  above  it. 
Under  the  circumstances  here  supposed,  the 
piston  being  in  contact  witli  the  water,  and 
all  air  being  excluded,  it  will  be  pressed  down 
by  the  weight  of  the  atmosphere,  which  we 
will  suppose  to  be  fifteen  pounds,  the  magni- 
Iju-  -I  lue  piston  being  a  square  inch. 

•  The  prccedinjt  jmragmphs,  nml  ^onle  other  parts  of  the  firescnt  volume 
oa  the  general  proiH-rlits  of  Heul,  arv  taken  from  iiiy  Treatise  oii  Heat,  m 
llic  Ca&iH  Cycioptt-diii,  to  which  those  wlio  tlesire  oiore  detailed  ezplan- 
•Uon  nnd  oioru  CO[)iou!i  illiistrnrioii  AtiouLd  refer. 
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Now  let  the  flame  of  a  lamp  be  applied  at  tlie  bottom  of 
the  tube;  the  water  under  the  piston  having  its  temperature 
thereby  gradually  raised,  and  being  submitted  to  no  prossare 
aave  that  of  the  atmosphere  above  the  piston,  it  will  begin  to 
be  converted  into  steam  when  it  has  attained  the  temperature 
of  212".  According  as  it  is  converted  into  steam,  it  will  cause 
the  piston  to  ascend  in  the  tube  until  all  the  ivaler  has  been 
ei'aporated.  If  tlie  tube  were  constructed  of  sufficient  length, 
tlie  piston  then  would  l>e  found  to  have  risen  to  the  height  of 
about  seventeen  hundred  inches,  or  one  hundred  and  forty- 
two  feet;  since,  as  has  been  already  explained,  water  paasing 
into  steam  under  the  ordinary  pressure  of  the  atmosphere 
undergoes  an  increase  of  bulk  in  the  proportion  of  about 
seventeen  hundred  to  one. 

Now  in  this  process,  the  air  above  the  piston*  which  prestet 
on  it  with  a  force  equal  to  6fieen  pounds,  has  been  raised  one 
hundred  and  forty-two  feet-  It  appears,  tliereforc,  that,  b^ 
the  evaporation  of  a  cubic  inch  of  water  under  ji  presfUM 
equal  to  fifteen  pounds  per  square  inch,  a  mechanical  force  of 
this  amount  is  developed. 

It  ii  evident  that  fifteen  pounds  raised  one  hundred  and 
forty-two  feet  successively,  is  equivalent  to  one  hundred  and 
forty-two  times  fifteen  pounds  raised  one  fooL  Now,  one 
hundred  and  forty-two  times  fifteen  is  two  thousand  one  hun- 
dn-d  and  thirty,  and  therefore  the  force  thus  obtained  is  equal 
to  two  thousand  one  hundred  and  thirty  pounds  raised  on* 
foot  high.  This  being  within  about  110  pounds  of  a  ton, 
it  may  be  stated,  in  round  niunbcrs,  that,  by  the  evaporation 
of  a  cubic  inch  of  water  under  these  circumstances,  a  force  is 
obtained  equal  to  that  which  would  raise  a  ton  weight  a  foot 

high. 

The  augmentation  of  volume  which  water  undergoes  in 
punng  into  steam  under  the  pressure  here  supposed,  may  be 
easily  retained  in  the  memory,  from  the  accidental  circum- 
stance that  a  cubic  inch  of  water  is  converted  into  a  cubic 
foot  of  steam,  very  nearly.  A  cubic  foot  contains  one  thou- 
sand seven  hundred  and  twenty-eight  cubic  inches,— which 
ii  little  different  from  the  proportion  which  steam  bears  to 
vatcr,  when  raised  under  the  atmospheric  pressure. 


(65.)  It  mil,  therefore,  be  an  advantage  to  retain  in  memory 
the  following  general  (acts : — 

1.  A  cubic  inch  of  water  eeaporated  under  the  ordinary  at- 
woipheric  presxarCf  it  cmicerled  intv  a  cubic  foot  of  steam, 

S.  A  eubie  inch  of  water  evaporated  under  the  atmospheric 
prttiure^  gices  a  mechanical  force  equal  to  what  would  raiie 
about  a  ton  weight  a  foot  high. 

(G6.)  Let  us,  again,  suppose  the  piston  p  {^fig.2^.)  to  be  rC' 
itftred  to  its  original  position,  with  the  liquid  water  beneath  it; 
and,  in  addition  to  the  weight  of  the  utmosphere  wliicli  bufore 
pressed  it  down,  let  us  suppose  another  weight  of  fd'tecn 
pounds  laid  upon  it,  so  that  the  water  below  shall  be  pressed 
by  double  tlic  weight  of  the  atiuosplierc.  If  the  lamp  were 
now  applied,  and  at  the  same  time  a  thermometer  were  im- 
mened  in  the  water,  it  wuuld  be  found  that  the  water  would 
not  begin  to  be  converted  mto  steam  until  it  attained  the  tem- 
perature of  about  250^.  The  piston  would  then  begin,  aa  be- 
fore, to  ascend,  and  the  water  to  be  gradufilly  converted  into 
vapour.  The  water  being  completely  evaporated,  it  would  be 
found  that  the  piston  would  be  raised  to  a  height  little  more 
than  half  its  former  height,  or  72  feet.*  The  mechanical 
effect,  therefore,  thus  obtained,  will  be  equivalent  to  double 
the  former  weight  raised  half  the  former  height. 

In  like  manner,  if  the  piston  were  loaded  with  thirty 
pounds  in  addition  to  the  atmosphere,  the  whole  pressure 
ou  the  water  being  then  tltrce  times  the  pressure  tir$t  sup- 
posed, the  piston  would  be  raised  to  somewhat  more  tlian 
one  third  of  its  first  height  by  tlie  evaporation  of  the  water. 
This  woxdd  give  a  mechanical  force  equivnlent  to  three  times 
the  original  weight  raised  a  little  more  than  one  third  of  the 
original  height. 

In  general,  as  the  pressure  ou  the  piston  is  increased,  the 
height  to  which  tlie  piston  would  be  raised  by  the  evaporation 
f^  the  water  will  be  diminished  in  n  proportion  somewliat  less 
than  the  proportion  in  wluch  the  pressure  on  the  piston  is 
increased.  If  the  temperature  at  which  the  water  is  con- 
verted into  steam  under  these  diflercnt  pressures  were  tlie 
flame,  tlien  the  height  to  which  the  piston  would  be  raised  by 
le  evaporation  of  the  water  would  he  diminished  in  precisely 
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tha  nine  proportion  ns  the  pressure  on  the  piston  is  increased  t 
aiitl,  in  tliat  case,  t!ic  whole  mwhaiiical  force  developed  by  llie 
evaporation  of  the  water  would  remain  exactly  tlie  soine 
under  whatever  pressure  the  water  might  be  boiled.  We 
shall  explain  hereafter  the  extent  to  which  the  variation  of 
temperature  in  the  water  and  steam  corresponding  to  th« 
variation  of  pressure  modifies  this  law ;  but,  as  the  eflect  of 
the  difference  of  temperatures  is  not  considerahle,  it  will  be 
convenient  to  register  in  the  memory  the  following  important 
practical  conclusion :  — 

(67.)  A  cubic  inch  of  water  converttnl  into  xteam  will  *nppltf 
a  meefuinicai  force  rery  nearly  equal  to  a  Ion  weiffki  raistd  a 
foot  high;  and  this  force  trill  not  he  tul^ect  to  cotuiderabl* 
varialiort,  u>hatev«r  he  the  temperature  or  pressure  at  which 
the  water  may  he  evaporated. 


(68.)  At  the  perioil  to  which  wc  have  now  brouplit  the  Iiistorj' 
of  the  invention  of  the  steam  engine,  Watt  had  ohtained, 
chiefly  by  his  own  experiments,  a  sufEeicnt  knowledge  of  the 
phenomena  which  have  been  just  explained,  to  enable  him 
to  arrive  at  the  conclusion  that  a  very  small  proportion  of  the 
whole  mechanical  effect  attending  the  evaporation  was  really 
rendered  available  by  the  atTnosphcric  engine;  and  that,  there- 
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fore,  extensive  and  injurious  sources  of  waste  existed  in  iu 
machinery. 

He  perceived  that  the  principal  source  of  this  wasteful  ex- 
penditure of  power  cousisied  iu  the  quantity  of  steam  which 
was  condensed  at  each  stroke  of  the  piston,  in  heating  the 
cylinder  previous  to  the  ascent  of  the  piston.  Yet,  as  it  was 
evident  that  that  ascent  could  not  be  accomplished  in  a  cold 
cylinder,  it  was  apparent  that  this  waste  of  power  must  be 
inevitable,  unless  some  expedient  could  be  devised,  by  which 
a  vacuum  could  be  maintained  in  the  cylinder^  tpithout  cooling 
it.  But,  to  produce  such  a  vacuum,  the  steam  must  be  con- 
densed ;  and,  to  condense  the  steam,  its  temperature  must 
be  lowered  to  such  a  point  that  the  vapour  proceeding  from 
it  shall  have  no  injurious  pressure;  yet,  if  condensed  steam 
be  contained  iu  a  cylinder  at  a  high  temperature,  it  will 
return  to  the  temperature  of  the  cylinder,  recover  its  elasti- 
city, and  resist  the  descent  of  the  piston. 

Having  reflected  on  these  circumstancesi  it  became  ap- 
parent to  Watt,  that  a  vice  was  inlierent  in  the  structure  of 
the  atmospheric  engine,  which  rendered  a  largo  waste  of 
power  inevitable  ;  lliis  vice  arising  from  the  fact,  that  the 
condensation  of  the  steam  wns  incompatible  with  the  con- 
dition of  maintaining  the  elevated  temperature  of  the  cylin- 
der in  which  that  condensation  took  place.  It  followed, 
therefore,  either  that  the  steam  must  be  imperfectly  con- 
densed, or  that  the  condensation  could  not  take  place  in  the 
cylinder.  It  was  in  1765,  that,  pondering  on  these  circum- 
stances, the  happy  idea  occurred  to  him,  that  the  production 
of  a  vacuum  could  be  equally  effected,  though  the  place  where 
the  condensation  of  the  steam  took  place  were  not  the  cylin- 
der itself.  He  saw,  thut  if  a  vessel  in  which  a  vacuum  was 
produced  were  put  into  communication  with  another  con- 
taining an  elastic  fluid,  the  clastic  fluid  would  rush  into  the 
vacuum,  and  diffuse  itself  through  the  two  vessels  ;  but  if,  on 
ruahiug  into  such  vacuum,  this  clastic  fluid,  being  vapour,  were 
there  condensed,  or  restored  to  the  liquid  form,  that  tlien  the 
space  within  the  two  vessels  would  be  equally  rendered  a  va* 
cuum ;  —  tliat,  under  such  circumstances,  one  of  the  veneb 
might  be  maintaiued  at  any  temperature,  however  high,  while 
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iho  other  might  be  kept  at  any  temperature,  however  low. 
This  felicitous  conception  formed  the  first  step  in  that  splendid 
career  of  invention  and  discovery  which  has  conferred  immor- 
tality on  the  name  of  Watt.  He  used  to  say,  that  the  moment 
the  idea  of  separate  condensation  occurred  to  him, — that  is, 
of  condensing,  in  one  vessel  kept  cold,  tlie  steam  coming  from 
^mother  vessel  kept  hot, — all  the  details  of  liis  improved  en- 
gine rushed  into  his  mind  in  such  rapid  successioo,  that,  in 
the  course  of  a  day,  his  invention  was  so  complete  that  he 
■proceeded  to  submit  it  to  experiment. 

To  explain  the  first  conception  of  this  memorable  inven- 
tion I  let  a  tube  or  pipe,  s  (Jig.  in.)t  ^®  imagined  to  proceed 

from  the  bottom  of  the 
cylinder  a  d  to  a  vc;ssel,  c, 
having  a  stop-cock,  d,  by 
which  the  communication 
between  the  cylinder  aiid 
the  vessel  c  may  be  opened 
or  closed  at  pleasure.  If 
we  suppose  the  piston  p  at 
the  top  of  the  cylinder,  and 
the  space  below  it  fdled 
with  steam,  the  cylinder 
and  steam  being  at  the 
usual  temperature,  while 
the  vessel  c  is  a  vacuum, 
and  maintained  at  a  low 
temperature.  Then,  on 
opening  the  cock  d,  the  steam  will  rush  from  the  cyHnder 
k  B  through  the  tube  a,  and,  passing  into  the  cold  vessel  c, 
will  be  condensed  by  contact  with  its  cold  sides.  This  pro- 
cess of  condensation  will  be  rendered  instantaneous  if  a  jet 
of  cold  water  is  allowed  to  play  in  the  vessel  c.  When  the 
steam  thus  nisliing  into  c,  has  been  destroyed,  and  the  space 
in  the  cylinder  a  b  becomes  a  vacuum,  then  tlie  pressure  of 
the  atmosphere  being  unobstructed,  the  piston  will  descend 
with  tlie  force  due  to  the  excess  of  the  pressure  of  the 
atmosphere  above  the  friction.  When  it  has  descended, 
suppose  the  stop-cock  d  closed,  and  steam  admitted  from 
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the  boiler  throup^h  a  proper  cock  or  valve  helow  the  piMton, 
the  cylinder  and  piston  being  still  at  the  same  temperature 
as  before.  The  steam  on  entering-  the  cylinder,  not  being 
exposed  to  contact  with  any  surface  below  its  own  temper- 
ature, will  not  be  condensed,  and  therefore  will  immediately 
cause  the  piston  to  rise,  and  the  piston  will  have  attained 
the  top  of  the  cylinder  when  as  much  steam  shall  have  been 
supplied  by  the  boiler  as  will  fill  the  cylinder.  When  thii 
has  taken  place,  suppose  the  communication  with  the  boiler 
cut  off,  and  the  cock  D  once  more  opened ;  the  steam  will 
again  rush  through  the  pipe  s  into  the  vessel  c,  where  en- 
countering the  cold  surface  and  the  jet  of  cold  water,  it 
will  be  condensed,  and  the  vacuum,  aa  before,  will  be  pro- 
duced in  the  cylinder  a  b  ;  that  cylinder  still  maintaining 
its  temperature,  the  piston  will  again  descend,  and  to  the 
process  may,  be  continued. 

(fiO.)  Having  carried  the  invention  to  this  point,  Watt  saw 
that  the  vessel  c  would  gradually  become  heated  by  the  steam 
which  would  be  continually  condensed  in  it.  To  prevent 
this,  as  well  as  to  supply  a  constant  jet  of  cold  water,  he  pro- 
posed to  keep  the  vessel  c  submei^ed  in  a  ciUem  nf  cold 
water,  from  which  a  pipe  ithoutd  conduct  a  jet  to  play  within 
ihL-  vessel,  so  as  to  condense'  the  steam  as  it  would  pass  from 
the  cylinder. 

But  here  a  difliculty  presented  itself,  against  which  it  waa 
necessary  to  provide.  The  cold  water  admitted  tlirough  the 
jet  to  condense  the  steam,  mixed  with  the  condensed  steam 
itself,  would  graduidly  collect  in  the  vessel  c,  and  at  length 
choke  it.  To  prevent  this,  Watt  proposed  to  put  the  vesael 
C  in  communication  with  a  pump  p,  which  might  be  wrought 
by  the  engine  itself,  and  by  which  tl»e  water,  which  wouki 
collect  in  the  bottom  of  the  vessel  c,  would  be  constantly 
drawn  off.  This  pump  would  be  evidently  rendered  tlie  more 
ncceaaary,  since  more  or  less  atmospheric  air,  always  combined 
with  water  in  its  common  state,  would  enter  the  vessel  v  by  the 
condensing  jet.  This  air  would  be  disengaged  in  the  vessel  c 
hy  the  heat  of  the  steam  condensed  therein  ;  and  it  would  riae 
tlirough  the  tul>e  8,  and  vitiate  the  vacuupi  in  the  cylinder ;  — 
an  effect  which  would  be  rendered  the  more  injurious,  in- 
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asmuch  as,  unlike  steam,  thi.s  elastic  fluid  would  be  incapable 
of  beinjr  condcnsod  by  cold.  The  pump  f,  therefore,  by 
which  Watt  proposed  to  draw  off  the  water  from  the  vessel  c, 
might  also  be  made*  to  draw  off  the  air,  or  tJie  principal  part 
of  it. 

The  vessel  c  was  subsequently  called  a  condenser;  and,  from 
the  circuimstances  just  adverted  to,  the  pimip  f  has  beeu  called 
the  air^ump. 

These — namely,  the  cylinder,  the  condenser,  and  the  air- 
pmnp  —  were  the  three  principal  parts  in  the  invention,  as  it 
first  presented  itself  to  the  mind  of  Watt — and  even  before  it 
was  reduced  to  a  model,  or  submitted  to  experiment.  But,  in 
addition  to  these,  other  two  improvements  oilered  themselves 
in  the  verj*  first  stage  of  its  progress. 

In  the  atmaipheric  engine,  the  piston  was  mflintained  steam> 
tight  in  the  cylinder  by  supplying  a  stream  of  cold  water  above 
it,  by  which  the  small  interstices  between  the  piston  and 
cylinder  would  be  stopped.  It  is  evident  that  the  effect  of 
this  water  as  the  piston  descended  would  be  to  cool  the  cy- 
linder, besides  which  any  portion  of  it  which  might  pass  be- 
tween the  piston  and  cylinder  and  which  would  pass  below  the 
'piston,  woiild  boil  the  moment  it  would  fall  into  the  cylinder, 
wluch  itself  would  be  maintained  at  the  boiling  temperature. 
This  water,  therefore,  would  produce  steam,  the  pressure  of 
which  would  resist  the  descent  of  the  piston. 

Watt  perceived,  tliat  even  though  tlus  inconvenience  were 
^removed  by  the  use  of  oil  or  tallow  upon  the  piston,  still,  that 
u  the  piston  would  descend  in  the  cyUnder,  the  cold  atmosphere 
would  follow  it;  and  would,  to  a  certain  extent,  lower  the 
temperature  of  the  cylinder.  On  the  next  ascent  of  the  pis- 
ton, this  temperature  would  have  to  be  again  raised  to  212® 
by  the  steam  coming  from  the  boiler,  and  would  entail  upon 
the  machine  a  proportionate  waste  of  power. 

If  the  atmosphere  of  the  engine-house  could  be  kept  heated 
to  the  temperature  of  boiling  water,  this  inconvenience  would 
be  removed.  The  piston  would  then  be  pressed  down  by  air 
as  hot  as  the  steam  to  be  subsequently  introduced  into  it.  On 
further  consideration,  however,  it  occurred  to  Watt  that  it 
would  be  still  more  advantageous  if  the  cybnder  itself  could  be 
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worked  in  an  almospUcrc  of  sleum,  having  only  the  somt:  prrs- 
sarc  as  the  atmnsphere.  Such  steam  would  press  the  piston 
dowu  as  efTcctudly  as  the  air  would ;  and  it  would  have  the 
further  advantage  over  air,  that  if  any  portion  of  it  leaked 
through  between  the  pUt^^n  and  cylinder,  it  would  be  con- 
densed, which  could  not  be  the  case  with  iLUnospheric  air. 
He  therefore  dotcnnined  on  surrounding  the  cylinder  by  an 
external  casing,  llic  space  between  wliich  and  the  cylinder  he 
proposed  to  be  filK'd  with  etcam  Bupplicd  from  the  boiler. 
The  cyliudcr  would  thus  be  enclosed  in  an  atmosphere  of  its 
own,  independent  of  the  external  air,  and  the  vessel  so  en- 
cliMiing  it  would  only  require  to  be  a  little  larger  than  the 
cylinder,  and  to  have  a  close  cover  at  the  top,  tlie  centre  of 
which  might  bo  perforated  ^tith  a  hole  to  admit  the  rod  of  the 
piston  to  pass  tlirough,  tlic  rod  being  made  smooth,  and  so 
fitted  to  the  perforation  that  no  steam  should  escape  between 
them.  This  method  would  be  attended  also  with  the  advan- 
tage of  keeping  the  cylinder  and  piston  alwaj's  heated,  not 
only  insido  but  outside ;  and  Watt  saw  that  it  would  be 
further  advantageous  to  employ  the  pressure  of  steam  to  drive 
tlic  piston  in  its  descent  instead  of  the  atmosphere,  as  its 
intensity  or  force  would  bo  much  more  manageable ;  for,  by 
increasing  or  diminishing  the  heat  of  the  steam  in  which  the 
cylinder  was  oncloscdi  its  pressure  might  be  regulated  at 
pleasure,  and  it  might  bo  made  to  urge  the  piston  with  any 
force  tliat  might  be  required.  The  power  of  the  engine  woidd 
therefore  be  completely  under  control,  and  independent  of  all 
variations  in  the  pressure  of  the  atmosphere. 

(70.)  Tills  was  a  step  which  totally  changed  the  charafrtrr 
of  the  machine,  and  which  rendered  it  a  steah  engine  in- 
stead of  an  ATMOSPtiKRic  ENoiNE.  Not  ojily  was  the  racuina 
below  the  pistou  now  produced  by  the  property  of  stcom, 
in  virtue  of  which  it  is  reconverted  into  water  by  cold ;  but 
the  pressure  wluch  iu*gcd  the  piston  into  this  vacuum  was  due 
to  the  elasticity  of  steam. 

The  external  cylinder,  within  which  the  working  cyligder 
was  enclosed,  was  called  tue  jacket,  and  is  suit  ver>'  generally 
used. 

(71.)   The  first  experiment  in  which  Watt  attempted  to 
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realise,  on  a  small  scale,  his  conceptions,  was  mndc  in  the  fol- 
lowing manner.  The  cylinder  of  the  en^nc  was  represented  by 
a  brass  syringe  a  b  {fg.  ^.)  an  inch  and  a  third  in  diameter. 


rC 


■Jjc 


5: 


ten  inches  in  lenjrth,  to  which  a  top  and  a  hottom  of  tin 
plate  was  futL-d.     Steiun  was  eonvL-yed  hy  a  pipe,  s,  from  a 
Imall  boiler  into  the  lower  end  of  tliis  syringe,  a  commuui- 
tcation  l»eing  made  xrith  the  upper  end  of  llie  syriiij^e  by  a 
branch  pipe  d.     For  the  greater  convenience  of  the  experi- 
ment, it  was  found  desii'ablc  to  invert  tlie  ])osition  of  the 
cylinder,  so  that  the  steam  should  press  the  piston  p  ui)wards 
instead  of  downwards.     The  piston-rod  R  therefore  wns  pre- 
'  Rented  downwards.     An  eduction  pipe  e  was  also  inserted  in 
the  top  of  the  cyUndcr,  which  was  carried  to  the  condenser. 
■The  piston-rod  was  made  hollow,  or  rather  a  hole  was  drilled 
'■longitudiually  through  it,  and  a  valve  was  fitted  at  its  lower 
end,  to  carrj'  otf  the  water  produced  hy  the  stcani,  which 
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would  be  cond(Mi!iccl  in  the  cylinder  in  the  commencement  of 
the  pruct-ss.  The  coudcnaor  used  in  this  experiment  operated 
without  injection,  tlie  steam  bein^  condensed  by  the  contmct 
uf  cold  surfaces.  It  consisted  of  two  thin  pipe*  P  o  of  tin, 
ten  or  twelve  inche«  in  length,  and  the  sixth  of  an  inch  in 
diameter,  standing  beside  each  otlter  perpendicularly,  and 
communicating;  at  the  top  \v\tU  the  eduction  pipe,  which  wm 
provided  with  a  valve  opening  upwards.  At  the  bottom  tbeaa 
two  pipes  conmiunicated  with  another  tube  i  of  about  an  inch 
in  diameter,  by  a  horizontal  pipe,  having  in  it  a  vnlve,  h,  opo^ 
ing  towards  i,  fitted  with  a  piston  k,  which  served  the  office 
of  tlic  air-pump,  being  worVinl  by  the  luuid.  Tliia  piston,  K, 
had  valves  in  it  opening  upwards.  These  condeusiug  pipet 
and  air-pump  were  immersed  in  a  small  cistern,  filled  vritli 
cold  water.  The  steam  was  conveyed  by  the  steam-pipe  a  to 
the  bottom  of  tlie  cylinder,  a  communication  betvreen  the  top 
and  bottom  of  the  cylinder  being  occasionally  opened  by  a 
cock,  c,  placed  in  the  branch  pipe.  The  eduction  pipe  leading 
to  the  condenser  also  bad  a  cock,  l,  by  which  the  communi- 
cation between  the  top  of  the  cylinder  and  the  condenaev 
might  be  opened  and  closed  at  pleasure.  In  the  commenccv 
ment  of  tlie  operation,  the  cock  n  admitting  steam  from  the 
boiler,  and  tlie  cock  l  opening  a  communication  between  the 
cylinder  and  tlie  condenser,  and  the  cock  c  opening  a  com- 
munication between  the  top  and  bottom  of  the  cylinder,  being 
all  open,  steam  rushed  from  tlie  boiler,  passing  through  all  the 
pipes,  and  filling  the  C3dinder.  A  current  of  mixed  air  and 
steam  was  thus  produced  through  the  eduction  pipe  e,  tlirau^h 
the  condensing  pipes  v  and  a,  and  through  the  air-pump  t, 
which  issued  from  the  valve  H  in  the  eduction  pipe,  and 
from  the  valve  in  the  air-pump  piston,  all  of  which  opened 
upwards.  The  steam  also  in  the  cylinder  passed  through  tJio 
hole  drilled  in  the  piston-rod,  and  escaped,  mixed  with  air, 
through  tlie  valve  in  the  lower  end  of  that  rod.  This  process 
was  continued  until  all  the  air  in  the  cylinder,  pipes,  and 
condenser,  was  blown  out,  and  all  these  spaces  filled  witli  pure 
vteam.  The  cocks  L,  c,  and  n,  were  then  closed,  and  the 
atmospheric  pressure  closed  tlie  valve  ii  and  tlic  valves  tn  the 
air-pwiip  pisloa.     The  cold  surt'uces  condensing  the  stooni  in 


WATT  S  EXPERIMENTAL  APPAHATUS. 


127 


the  pipes  p  aud  o,  and  iu  the  lower  part  uf  the  air-punip,  a 
lacuum  was  produced  in  these  spaces.  The  cock  c  being 
uow  cluscd,  aud  llie  cocks  h  aud  N  being  open,  the  steam 
ID  the  upper  part  of  the  cylinder  rushed  through  tlie  pipe 
B  into  the  coudeuser,  where  it  waa  reduced  to  water,  so  tliat 
a  vacuum  was  left  in  the  upper  part  of  the  cylinder.  The 
steam  Irom  the  boiler  parsing  below  the  piston,  pre&aed  it 
upwards  witli  such  force,  that  it  lifted  a  weight  of  eighteen 
pounds  hung  from  the  end  of  the  piston-rod.  Wlien  the 
piston  reached  the  top  of  the  cylinder,  the  cocks  l  and  N  were 
closed,  and  the  cock  c  opened.  All  communication  between 
tlte  cylinder  and  the  boiler,  as  well  as  between  the  cylinder  and 
the  condenser,  were  now  cut  oif,  aud  t!ie  steam  in  tlie  cylinder 
drculatcd  freely  above  and  below  the  piston,  by  means  of  tlic 
open  tube  d.  Tlie  piston,  being  subject  to  equal  forcea 
upwards  and  downwards,  would  thcrefoi-e  descend  by  its  own 
weight,  and  woultL  reach  the  bottom  of  the  cylinder.  The 
uir-pump  piston  meajiwhilc  being  drawn  up,  tlie  air  ami  llic 
condenstL'd  steam  in  the  tubes  f  and  o  were  drawn  into  the 
air-pump  i,  through  the  open  horizontal  tube  at  tike  bottom. 
Its  return  was  stopped  by  the  vnlve  M.  By  another  stroke  of 
the  air-pump,  this  water  and  aur  were  drawn  out  through  valves 
in  the  piston,  which  opened  upwards.  The  cock  c  was  now 
closed,  and  tlie  cocks  l  and  n  opened,  preparatoiy  to  another 
stroke  of  the  piston.  The  steam  in  the  upper  part  of  the 
cylinder  rushed,  as  before,  into  the  tubes  f  aiad  o,  and  was 
condensed  by  their  cold  surfaces,  while  steam  from  the  boiler 
coming  through  the  pipe  8,  pressed  tlie  piston  upwards.  The 
piston  again  ascended  witli  tlie  same  force  as  before,  and  in 
the  same  manner  thq  process  was  continually  repeated. 

(72.)  The  quantity  of  steam  expended  in  this  experimental 
model  in  the  produeliou  of  a  given  number  of  strokes  of  the 
piston  was  inferred  from  the  quantity  of  water  evaporated  in 
the  boiler;  and  on  comparing  this  with  thu  maguitude  of  llie 
cyUnder  tmd  the  weight  raised  by  the  pressure  of  tlie  steam, 
the  contrivance  was  proved  to  aflect  tlie  economy  of  steam,  as 
far  as  the  imperfect  conditions  of  such  a  model  could  have  per- 
mitted. A  larger  model  was  next  constructed,  having  an  outer 
cylinder,  or  steam  case,  surrounding  the  working  cylinder,  and 
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the  experiments  made  with  it  fully  realised  Watt's  expect, 
ations,  and  left  no  doubt  of  the  f^reat  advantaged  wliicb  would 
attend  Ilia  invention.  The  weights  rnisetl  hy  the  piston  proved 
that  the  vacuum  in  the  eylinder  produced  by  the  cundensatian 
was  almost  perfect ;  and  he  found  that  when  he  used  water 
in  the  boiler  which  by  long  boiling  had  been  well  cleared  of 
air,  the  weight  raised  was  not  much  less  than  the  whole 
amount  of  the  pressure  of  tlie  steam  upon  the  piston.  In  this 
lai^er  model,  the  cylinder  was  placed  in  tlie  usual  porndon, 
witli  a  working  lever  and  other  apparatus  similar  to  that  em- 
ployed in  the  Atmo»|>heric  Engine. 

(73.)  It  was  in  the  Iwgimiing  of  the  year  1765,  Watt 
being  then  in  the  twenty-nintli  year  of  his  age,  that  he 
arrived  at  tliese  great  discoveries.  The  experimental  modek 
juHt  described,  by  which  his  invention  was  first  reduced  to 
a  rude  practical  test,  were  fitted  up  at  a  place  called  Delft 
House,  in  Glasgow.  It  will  doubtless  at  the  first  new,  be  a 
matter  of  surprise  that  improvements  of  such  obvious  import- 
.  ance  in  the  economy  of  steam  power,  and  capable  of  being 
verified  by  tests  so  simple,  were  not  immediately  adopted 
wherever  atmospheric  engines  were  used.  At  the  time,  how- 
ever,  refemtl  to,  Watt  waa  an  obscure  artisan,  in  a  provincial 
town,  not  then  arrived  at  the  celebrit>'  to  wliJch  it  has  since 
attained,  and  the  facilities  by  which  inventions  and  improve- 
ments became  public  were  much  less  than  tliey  have  since 
become.  It  should  also  be  considered  that  all  great  and  sud- 
den advances  in  the  useful  art*  are  necessarily  opposed  by  the 
existing  interests  with  which  their  effects  arc  in  conflict. 
From  these  causes  of  opposition,  accompanied  mth  the  usual 
influence  of  prejudice  and  envj-.  Watt  was  not  exempt* 
and  was  not  therefore  Ukely  suddenly  to  rerolutiomse  the  arts 
and  manufactures  of  the  country  by  displacing  the  moving 
powers  employed  in  them,  and  substituting  an  engine,  the 
eflScacy  and  power  of  which  depended  mainly  on  phj'sical 
principles,  then  altogether  new  and  but  imperfectly  under- 
stood. 

Kot  having  the  command  of  capital,  and  finding  it  impracti- 
cable to  inspire  those  who  liad,  with  tlie  same  confidence  in 
the  advantages  of  bis  invention  which  he  himself  felt,  he  was 
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QUftble  In  take  on^'  step  towards  tlic  constnirtinn  of  engines  on 
a  buTfre  scale.  Soon  aflor  this,  \\o  gave  up  liis  shop  hi  Glasgow, 
awt  devoted  hiinseli'  to  tlie  busmess  of  a  Civil  En^ince-r.  In 
this  capacity  he  was  engaged  to  make  a  survey  of  the  river 
Clyde,  and  fumislied  an  elaborate  and  valuable  Rppnrt  u|Hm 
its  projected  improvements.  He  was  also  ciipaj^cd  in  mukiuff 
a  plan  of  the  canal,  by  which  tlie  produce  of  the  Monkland 
Colliery  was  intended  to  be  carried  to  Glasgow,  and  in  super- 
intending tlie  execution  of  that  work.  Bpsides  these,  several 
other  engineering  enterprises  occupied  his  aitention,  auiong 
which  may  be  mentioned,  the  navigable  cnnal  across  the  isth- 
mus of  Crinan,  afterwards  completed  by  Keuiiie ;  improve- 
mentii  proposed  in  the  ports  of  Ayr,  Glasgow,  and  Greenock  ; 
the  construction  of  the  bridges  at  Hamilton,  and  at  Hulher- 
plan  ;  and  the  survey  of  the  country  through  which  the  cele- 
brated Caledonian  canal  was  intended  to  be  carried. 

"  If,  forgetful  of  my  duties  as  the  organ  of  this  academy," 
■iys  M.  Arago,  (whose  eloquent  obser\'alimi9  on  tlie  delays  of 
this  great  invention,  addressed  to  the  aAsembled  members  of 
the  National  Institute  of  France,  we  cannot  forbear  to  quote), 
"I  could  think  of  making  you  smile,  rather  than  express- 
ing useful  truths,  I  would  Jind  here  matter  fur  a  ludicrous 
contrast.  I  would  call  to  your  recollection  the  authors,  who 
ftt  our  weekly  sittings  demand  with  nil  tbuir  might  and  main 
(d  cor  et  a  cris)  an  opportunity  to  communicate  some  little 
remark — some  snudl  reflection  —  some  trilling  note,  conceived 
And  written  the  night  before;  I  w^ould  represent  them  In  you 
cursing  their  fate,  when  accorctJug  to  your  rules,  the  reading 
of  their  communication  is  postponed  to  the  next  meeting, 
although  during  this  cruel  week,  they  are  assured  tliat  tlieir 
important  rommunicution  is  deposited  iu  our  archives  in  a 
sealed  packet.  On  the  other  hand,  I  would  point  out  to  you 
the  creator  of  a  machine,  destined  to  form  an  epoch  in  the 
annals  of  the  world,  undergoing  patiently  and  without  murmur, 
the  stupid  contempt  of  capitalists, —  constious  of  his  exalted 
genius,  yet  stooping  for  eight  years  to  the  common  talmur  of 
Uying  down  plans,  taking  levels,  and  all  the  tedious  caleula- 
tiona  connected  with  the  routine  of  common  engineering. 
While  in  this  conduct  you  rannot  fail  to  recognise  the  serenity. 
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the  mndpTation,  and  the  true  motkwty  of  his  chftntetcr.yct  aurii 
indiiTcronce,  however  noble  may  have  been  iu  cftusea,  han 
ftnnicthing  in  it  not  altogether  hlamcless.  It  is  not  without 
reason  that  society  visits  with  severe  reprobation  llK>«r  who 
withdraw  gold  from  circulation  and  hoard  it  in  their  coUV-n*. 
Is  he  less  culfMible  who  deprives  his  cuunlry,  his  fellow  citi- 
zens, his  agt%  of  treaflures  a  tlmuwind  times  more  precious  than 
the  produce  of  the  mine;  who  keeps  to  himself  his  immortal 
inventions,  sources  of  the  most  noble  and  purest  eujuyment  of 
the  mind,  who  abstnins  from  conferring  upon  labour  thodo 
powcrst  by  which  would  be  multiplied  in  an  infinite  proportion 
the  products  of  industry,  and  by  which,  with  advantjige  to  ci- 
vilisation and  human  nature,  he  would  smooth  away  the  ine- 
qualities of  the  conditions  of  man."   • 

(74.)  Although  Watt  was  thus  attracted  by  pursuits  foreign 
to  his  recent  investigations  respecting  the  improvement  of 
steam  power,  he  never  lost  sight  of  tliat  object.  It  wjis  not 
until  tlieyear  17G8,  lliree  years  after  his  great  discoveries,  thai 
any  step  was  taken  to  enable  him  to  carry  them  into  effect  on 
a  large  scale.  At  that  time  his  friends  brought  him  into 
communication  with  Dr.  Roebuck,  tlie  proprietor  of  the 
Carron  Iron  Works,  who  rented  extensive  coal  works  at 
Kinneal  from  the  Duchess  of  Hamilton.  Watt  was  first  cm- 
ployed  by  Roebuck  as  a  civil  engineer ;  but  when  be  nude 
known  to  him  the  improvements  he  had  projected  in  tlte 
steam  engine,  Roebuck  proposed  to  take  out  a  patent  for  an 
engine  on  the  principle  of  the  model  which  had  l>cen  fitted 
up  At  Delft  liouse,  and  to  join  Watt  in  a  partnership,  for  the 
construction  of  such  engines.  Sensible  of  tlie  advantagen  Ui 
be  derived  from  the  influence  of  liiK'buck,  and  from  his 
romtnnnd  of  capital,  Watt  agreed  to  cc-de  to  him  two  third* 
of  the  advantages  to  be  derived  frcmi  tlie  invention.  A  patent 
was  accordingly  taken  out  on  the  fifth  of  January,  176!), 
nearly  four  years  after  llie  invention  had  bi-en  completed ; 
and  an  exp<-rimental  engine  on  a  large  scale  whs  constructed 
by  him,  and  fitted  up  at  Kinneal  House.  In  tlie  first  trial 
this  machine  more  tlian  fulfilled  Watt's  anticipations.     ll« 
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avocem  was  complete.  In  the  practical  details  of  its  con- 
struction, however,  some  diihculties  were  still  encnuuiered, 
the  greatest  of  which  consisted  in  j>ackiDg  the  piston,  so  as  to 
be  steam-tight.  The  principle  of  tlie  new  engine  did  not 
admit  of  water  being  kept  upon  the  piston,  to  prevent  leak- 
age, as  ill  the  old  cf^neii ;  he  wax  therefore  obliged  to  Iiave 
hi»  cylinders  much  more  accurately  bored,  and  more  truly 
cylindrical,  and  to  try  a  great  variety  of  soft  aubdtances  for 
packing  the  piston,  which  would  make  it  steam-tight  witliout 
great  friiaion,  and  mainLim  it  ao  in  a  Hituation  perfectly 
dry,  and  at  the  temperature  of  boiling  water. 

Wliilc  "Watt  was  endeavouring  to  overcome  these  and 
other  difficulties,  in  the  cuiistruction  of  the  nmchine,  IiIk 
partner.  Dr.  Roebuck,  becArae  embarrassed,  by  the  failure  of 
his  underluking  in  the  IWrrowstowneins  coal  and  salt  works  ; 
and  he  wa^t  unable  to  supply  the  means  of  prosecuting  with 
the  ncccsaary  vigour  the  projected  manufacture  of  the  new 
cngiites. 

The  important  result:*  of  Watt's  labours  having  happily  at 
this  time  become  more  publicly  known,  Mr.  Matthew  Boul- 
ton,  whoee  establish roeiit  at  Soho,  near  Birmingham,  was  al 
that  lime  the  most  complete  mauufiictory  for  metal-work  in 
England,  and  conducted  witli  unexampled  enterprise  and 
spirit,  proposed  to  purchase  Dr.  Roebuck's  interest  in  the 
patent.  This  aiTangemeiit  was  ellectcd  in  tlie  year  177;?, 
and  in  the  following  year  Mr.  Watt  removed  to  Soho,  where 
a  pijrtion  of  the  establishment  was  allotted  to  Ihh).  for  the 
erection  of  a  founderj",  and  other  works  necessary  to  realise 
his  inventions  on  a  grand  scale. 

The  patent  which  liad  been  granted  in  I7GJ)  was  limited  to 
a  period  of  fourteen  years,  and  would  consequently  expire 
about  the  year  I7A.*).  From  the  small  progress  which  bad 
hitherto  been  made  in  the  construction  of  engines  upon  the 
new  princi]de,  and  from  the  many  difficulties  still  to  be 
eucuuntered,  and  the  large  expenditure  of  capital  wbicii 
muat  obviously  he  incurred  before  any  return  couUl  be  ol>- 
tained,  it  was  apparent  that  unless  an  extension  of  the  patent 
right  could  l>e  obtained,  Boulton  and  M'att  eould  never 
expect  any  advantage  adetjuate  to  the  risk  of  their  great  en- 
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terprue.  In  the  year  1774  an  application  was  accordingly 
made  to  parliament  for  an  extension  of  tlie  {>atent,  which  was 
Bupporttpd  by  the  testimony  of  Dr.  Roebuck,  Mr.  Boulton, 
and  others,  a&  to  the  merits  and  probable  utility  of  the  in- 
vention. An  Act  was  accordingly  passed,  in  1775,  extending 
the  term  of  the  patent  until  the  year  1800. 

(75.)  The  following  abstract  of  tliis  Act  may  not  be  unin- 
teresting at  this  time,  when  the  aiiticipationa  expressed  in  it 
have  been  so  successfully  and  extensively  realised :  ^ 

*'  An  Act  for  resting  in  James  Watt,  engineer,  his  exe- 
cutors, administrators,  and  assigns,  the  sole  use  and  property 
of  certain  steam  engines,  commonly  called  fire  engines,  of  his 
invention,  throughout  his  majesty's  dominions,  for  a  limited 
time : 

"  And  whereas  the  said  James  Watt  hath  employed  many 
years,  and  a  considerable  part  of  his  fortune,  in  uialdiig  ex- 
periments upon  steam  engines,  commonly  called  fire  engine*, 
with  a  view  to  improve  those  veiy  useful  machines,  by  which 
several  very  considerable  advantages  over  the  common  steam 
en^es  are  acquired  ;  but  upon  account  of  the  many  difli- 
culties  which  always  arise  in  the  execution  of  such  large  and 
complex  machines,  and  of  the  long  time  requisite  to  make 
the  necessary  trials,  he  could  not  complete  his  intention 
before  the  end  of  the  year  177-1,  when  he  finished  some  large 
engines  as  specimens  of  his  construction,  which  have  suc- 
ceeded, so  as  to  demonstrat*.'  the  utility  of  the  said  invention: 

•*  And  whereas,  in  order  to  manufacture  tliese  engines  with 
the  necessary  accuracy,  and  so  that  they  may  be  sold  ai 
moderate  prices,  a  considerable  sum  of  money  must  be  pre- 
viously expended  in  erecting  mills  and  otlicr  apparatus  ;  and 
as  several  years  and  repeated  proofs  will  be  required  before 
any  considerable  part  of  the  public  can  be  fully  conrinced  of 
the  utility  of  the  invention,  and  of  their  interest  to  adopt  the 
same,  the  whole  term  grante<l  by  the  said  tetters  patent  may 
probably  clap«c  before  the  said  James  Watt  can  receive  an 
advantage  adequate  to  his  labour  and  invention  : 

"  And  whereas,  by  furnishing  mechanical  |>ower  at  much 
less  expense,  and  in  more  convenient  forms,  than  has  hitherto 
been  done,  his  engines  may  lie  of  great  utility,  in  facilitating 


the  operations  in  many  gfreat  works  aud  manufactures  of  this 
kingdom  ;  yet  !t  will  not  be  in  the  power  of  the  said  James 
Watt  to  cany  his  invention  into  that  complete  execution 
trhich  he  wishes,  and  so  a«  to  render  the  same  of  the  highest 
utility  to  the  puMic  of  which  it  is  capable,  unless  the  term 
^^tnnted  by  the  said  letters  patent  be  prolonged,  and  liis  pro- 
perty in  the  said  invention  secured  for  such  time  as  may 
enable  him  to  obtain  an  adequate  recompense  for  his  la}>our, 
time,  and  expense  : 

**  To  the  end,  therefore,  that  the  said  James  Watt  may  be 
enabled  and  encouraged  to  prosecute  and  complete  his  said 
invention,  so  that  the  public  may  reap  all  the  advantage)!  to 
be  derived  therefrom  in  their  fullest  extent :   it  is  enacted, 

"  That  from  and  after  the  passing  of  this  Act,  the  sole 
privilege  and  advantage  of  making,  constructing,  and  selling 
the  said  engines  hereinbefoi-e  particularly  described,  within 
the  kingdom  of  Great  Britain,  and  his  majesty's  colonies  and 
plantations  abroad,  shall  be,  and  are  hereby  declared  to  be, 
Tcstetl  in  tlic  said  James  Watt,  his  executors,  administrators, 
and  assigns,  for  and  during  the  term  of  twenty-five  years," 
&c.  &c. 

(76.)  Thus  protected  and  supported,  Watt  now  directed 
the  whole  vigour  of  his  mind  to  perfect  the  practical  details 
of  his  invention,  and  the  result  was,  the  construction  on  a 
large  scale  of  the  engine  which  has  since  been  called  his 
Single  acting  Steam  Enginb. 

It  is  necessary  to,  recollect,  that  notwithstanding  the  ex- 
tensive and  various  application  of  steam  power  in  tlie  arts 
aud  manufactures,  at  tlie  time  to  which  our  narrative  has 
now  reached,  the  steam  engine  had  never  been  employed 
for  any  other  pui-pose  save  that  of  raising  water  by  working 
pumps.  The  motion,  therefore,  whicli  was  required  was 
merely  an  upward  force,  such  as  was  necessary  to  elevate  tlie 
piston  of  a  pump,  loaded  with  the  column  of  water  which  it 
raised.  The  following  then  is  a  description  of  the  improved 
engine  of  Watt,  by  which  such  work  was  proposed  to  be 
performed :  — 

In  the  cylinder  represented  at  c  {Jiff.2\.),  tlie  piston  p 
moves  steam-tighL.     It  is  closed  at  the  top,  and  the  piston 


Ullow  is  pi'rmtttcd  from  time  to  time  tt)  fall  upon  the  piston 
within  the  cylinder,  so  as  to  lubricate  it,  and  keep  it  steam- 
tight.  Two  buxe.s,  A  A,  called  the  upper  and  lower  steam- 
boxes,  cuutatD  valves  by  which  steam  from  tlie  boUcr  luay  be 
admitted  and  witlidrawii.  These  steam  boxes  are  connected 
by  a  tube  of  conmiunieatiou  t,  and  they  commuuicate  with 
the  cj'lindcr  at  the  top  and  bottom  by  short  tubes  represented 
i«  the  figure.  The  upper  steam  box  a  contains  one  valve, 
by  which  a  communicatI<m  with  tlie  boiler  may  be  Qpene<l  or 
cloaed  at  pleasure.  The  lower  valve  box  cuulaiiis  two  valves. 
The  lower  valve  i  cummunicates  with  tlic  tube  t',  leading  to 
the  condenser  d,  which  bein^  opened  or  closed,  a  comniuiu- 
catiou  is  Quule  or  cut  off  at  pleasiu-e,  between  the  cylinder  C 
uid  the  condenser  d.  A  second  valve,  or  upper  %'alve  u, 
which  is  represented  closed  in  the  figure,  may  be  opened  sa 
as  to  make  a  free  comntunicatiou  between  the  cylinder  c  and 
the  tube  T,  and  by  tlmt  means  between  tlie  cylinder  c,  below 
tile  puitoii  and  the  space  above  the  piston.  The  condenser 
D  is  submerged  in  a  cistern  wf  cold  water.  At  tlie  side  there 
enters  it  a  tube,  k,  f^ovemed  by  a  cock,  which  bein^  opened 
or  closed  to  any  reqxiired  extent,  a  jet  of  cold  water  may  be 
idluwt^  to  play  in  the  condenser,  and  may  be  regulated  or 
stopped,  at  pleasure.  This  jet,  when  playing,  throws  the 
water  upwards  in  the  condenser  towards  Uie  mouth  of  the 
tube  t',  as  water  issues  from  the  rose  of  a  watering  pot. 
The  tube  s  proceeds  irum  tlie  boiler,  and  tenniaates  In 
the  steam  box  a,  so  tliat  the  steam  supplied  from  tlie  boiler 
cooatantly  fills  that  box.  The  valve  o  is  governed  by  le- 
vees, whose  pivots  are  atuu:hed  to  the  framing  of  the 
engine,  and  is  opened,  or  closed  at  pleasure,  by  raising  or 
lowuruig  the  lever  g'.  The  valve  g,  when  open,  will  there- 
fore allow  steam  to  pass  from  the  boiler  through  the  short 
tube  to  the  top  of  the  piston,  and  this  steam  will  also  fill 
the  tube  t.  If  the  lower  valve  h  be  closed,  its  circulation 
beyond  that  point  will  be  stopped;  but  if  the  valve  ii  be 
open,  llie  valve  i  being  closed,  then  the  steam  will  circu- 
late equally  in  the  cylinder,  above  and  below  the  piston.  If 
the  valve  i  be  open,  then  steain  will  rush  tlirough  the  tube 
T'  into  the  condenser ;  but  tliis  escape  of  tiie  steam  will  be 
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Stopped,  if  tlic  valve  j  bo  cloticd.  Tlie  valve  u  is  worked  by 
the  levor  h',  and  the  valve  i  by  tlie  lever  i'. 

The  valve  o  is  colled  the  upper  steam  valve,  ii  iJir  lower 
Rteain  valve,  i  tlie  exhauKtin|(  vaKv,  and  e  the  condensing 
valve. 

From  the  bottom  of  the  condenser  o  proceeds  a  tnbe 
leading  to  the  air-pump,  which  is  also  submerged  iu  the 
cistern  of  cold  water.  In  this  tube  is  a  valve  m,  which  opena 
outwards  from  the  condenser  towards  the  air-pump.  In  tlic 
piston  of  the  air-pump  n  is  a  valve  whicli  opens  apwarda. 
The  piston-rod  4  of  the  air-ptunp  is  attached  to  a  beam  of 
wood  colled  a  plug  frame,  which  is  connected  witli  the  work- 
ing  beam  by  a  flexible  chain  plfli,ing  on  the  small  arch-head 
immediately  over  the  air-pump.  From  the  tup  of  the  air- 
pump  barrel  above  t)ie  pistim  proceeds  a  pipe  or  paasagv 
krading  to  a  small  cistern,  u,  called  the  hot  well.  The  pipe 
wliich  leads  to  this  well,  is  supplied  mth  a  valve,  K,  which 
opens  outwards  &om  the  air  pump  barrel  towards  the  well. 
From  the  nature  of  its  constniction,  tlie  valve  h  admits  the 
flow  uf  water  from  the  condenser  (owonLi  tlie  air-pump,  but 
fHWventa  ita  return ;  and,  in  like  manner,  the  valve  k  admtta 
the  flow  of  water  from  the  upper  part  of  tlie  air-pump  baicrl 
into  the  hot  well  B,  but  obstructs  its  return. 

Let  us  now  consider  how  tfacae  valves  should  1>e  worked  in 
Ofdor  to  move  the  piftton  upwards  and  downwards  with  the 
aeceaaary  force.  It  is  in  the  fin^t  pkce  necessary  that  all  the 
ahr  which  fills  the  cylinder,  the  tubes  and  the  umdenser  shall 
be  expelled.  To  accompUsh  thia  it  is  only  necessary  to  open 
At  once  the  three  valves  g,  11,  and  i.  The  steam  tlien  rushing 
from  the  Imiler  through  the  steam-pipe  s,  and  tJic  open  valve 
o  will  pass  into  the  cylinder  above  the  piston,-will  fill  the 
tube  T,  pass  through  the  lower  steam  voire  11,  will  fill  the 
cylinder  c  l)elow  the  piston,  and  wiU  pass  through  the  open 
valve  I  into  the  condemior.  If  the  valve  e  be  closed  so  th*t 
no  jet  shall  play  in  the  condenser,  tlie  steam  rushing  into  it 
will  be  partially  condensed  by  the  cold  surfaces  to  which  it 
will  be  exposed ;  but  if  the  boiler  supply  it  through  the  pipe 
8  in  sufficient  abundance,  it  will  ru&h  vdth  violence  tlirough 
Uie  cylinder  and  all  the  passages,  and  its  pressure  in  the  con- 
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er  D,  combined  with  that  of  the  heated  air  with  which  it 
is  mixed,  will  optn  the  valve  m,  aud  it  will  rush  through 
mixed  with  the  air  into  the  air-j»in:p  barrel  n.  Jt  will  press 
the  valves  in  the  air-pump  piston  upwards,  and,  opemug  lliero, 
tvill  rush  through,  and  will  collect  in  tiie  air-pump  liarrel 
r«bove  the  piston.     It  will  then,  by  its  pressure,  open  th© 

Ive  X,  and  will  escape  into  the  cistern  b. 

Throughout  this  process  the  steam,  which  mixed  with  the 
air  fills  the  cylinder,  condenser  and  ajr-pumps  will  be  only 
partially  condensed  in  the  last  two,  and  it  will  escape  mixed 
'ViiHi  air  through  the  valve  k,  and  this  process  will  continue 
until  all  the  atmospheric  air  which  at  first  filled  the  cylinder, 
tubes,  condenser  and  air-pump  barret  shall  be  expelled 
through  the  valve  k,  and  these  various  spaces  shall  be  fitted 
■with  pure  steam.  When  tliat  has  happened  let  us  suppose 
all  the  valves  closed.  In  closing  the  valve  i  tlie  flow  of 
steam  to  the  condenser  will  be  stopped,  and  tlic  steam  con- 
tained in  it  will  speedily  he  condensed  by  the  cold  surface  of 
the  condenser,  so  that  a  vacuum  will  be  produced  in  tlie  con- 
denser, the  condensed  steam  ialllng  in  ttie  fonn  of  water  to 
the  bottom.  In  like  manner,  and  for  like  reasons,  a  vacuum 
will  be  produced  in  the  air-pimip.  The  ViJve  M,  and  tlie 
Talves  in  the  air-pump  piston  will  be  closed  by  their  own 
Weight. 

By  iliifl  process,  which  is  called  blowing  through,  the  atmo- 
spheric  air,  and  other  pennanent  gases,  which  filled  the 
cylinder,  tubes,  condenser  and  air-pump  are  expelled,  and 
tliese  spaces  will  be  a  vacuum.  The  engine  is  then  prepared 
to  be  started,  which  is  effected  in  the  following  manner:^ 
Tlie  upper  steam  valve  o  is  opened,  and  steam  allowed  to 
Bow  from  the  boiler  through  the  passage  leading  to  the  top 
of  the  cylinder,  l^is  steam  cannot  pass  to  tlic  bottom  of 
the  cylinder,  since  ttie  tower  steam  valve  h  is  closed.  The 
space  in  the  cylinder  below  tlie  piston  being  tlierefore  a 
vacuum,  and  the  steam  pressing  above  it  the  piston  will  be 
pressed  downivords  with  a  corresponding  force.  When  it  has 
arriTed  at  the  bottom  of  the  cylinder  the  steam  valve  o  must 
l>e  closed,  and  at  the  same  time  the  valve  ii  opened.  The 
valve  I  leading  to  the  condenser  being  also  closed,  the  stcain 
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which  lilU  the*  cylinder  above  the  ptstou  is  now  admitted  to 
circulate  through  the  open  valrc  u  below  the  piffton,  so  thac 
Che  piston  is  pressed  equally  upwank  iind  donnward*  by 
■team,  luul  tliere  is  no  Ibrce  to  resist  its  inuveinenl  SBVe  its 
friction  with,  the  cylinder.  The  weight  of  the  pujnp  xwht  cm 
the  opprjBitc  end  of  tlie  \ycum  being  more  than  equivalent  to 
ovcreouie  tliis  the  piston  is  draviTi  to  the  top  of  the  cylinder, 
and  pushes  before  it  the  ateum  which  is  drawn  through  the 
tube  T,  uud  the  v\ten  valve  ii,  and  passes  into  the  cylinder  c 
below  the  piston. 

Ulien  the  piston  has  thus  arrived  once  more  at  Uie  Cop  of  the 
cylinder,  let  tlie  valve  ii  lie  closed,  and  at  the  same  time  the 
vhIvch  g  and  i  opened,  and  the  condensing  cock  £  alxo  opened^ 
w>  as  to  admit  the  jet  to  pluy  in  the  condenser.  The  stL-um  wlijch 
nils  the  cylinder  c  below  tJie  piston,  will  now  njsh  through 
tiie  open  valve  1  into  the  condeiu>er  which  has  been  liillicrto  a 
Tiicuum,  and  there  encountering  the  jet,  will  be  instautly  con- 
verted into  water,  and  a  mixture  of  condensed  steam  and  in- 
jected water  will  collLCt  in  the  bottom  of  tlie  cundcnacr.  At 
the  same  time,  tlic  stcain  proceeding  from  the  boiler  by  iIm 
staara  pipe  s  to  the  upper  itteani  box  a,  will  pass  through  the 
open  steam  valve  u  to  the  tnp  of  tlie  piston,  tiut  ciuitiut  pfUM 
below  it  because  of  the  lower  steam  valvf  it  being  cluscd.  The 
piston,  thut)  acte<l  upon  above  by  the  pressure  of  the  steam,  and 
the  space  in  the  cylinder  beluw  it  being  a  vacuum,  itv  downward 
motion  is  resisted  by  no  force  but  the  friction,  and  il  is  titcie- 
fore  dri^'en  to  the  bottom  of  the  cylinder.  During  it{«  deaccml 
the  vidves  a,  i.  and  e  remained  open.  At  the  moment  it  arrirea 
at  the  bottom  of  the  cylinder,  all  tliese  tiurec  >'alvca  are  cloaed, 
and  the  valve  h  opened.  The  steam  which  ^lls  tlie  cylinder 
ahove  tlie  ptstou  is  now  pennitt«-d  to  circulate  below  it,  by  the 
uprn  vitlvc  n  and  the  piston  being  consequently  pressed  equally 
upwards  and  downwards  will  be  drawn  upwards  as  bcfure  by 
the  prepondcnincp  of  the  pump  rods  at  the  o(>posiie  cud  of  the 
beam.  The  weight  of  these  rods  must  also  be  sutficientJy 
ICreat  to  draw  the  air-pump  piston  n  upwards.  Aa  ihia 
piston  rises  in  the  air-pump,  it  leaves  a  vacuum  bi-low  it  into 
which  the  water  and  air  collected  in  the  condenser  will  be 
drawn  through  the  valve  n,  which  o]}cns  outwards.    When  the 
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r-piiinp  pt»t<>n  bas  arrived  at  tlie  topnf  tlic  barrel,  which  it 
will  do  At  the  same  lime  that  the  steam  piston  arrives  at  the 
top  of  the  c^'lindcr,  the  watur  and  tlie  chief  part  of  the  air  or 
other  fluids  which  may  have  been  in  the  condenser  will  be 
drawn  into  the  barrel  of  the  air-pump,  and  tlie  vaJve  M  beinf» 
closed  by  its  own  weight,  as8i6tc<l  by  tJie  pressure  of  these 
flnida  they  cannot  return  into  the  condenser.  At  the  moment 
the  steam  piston  arrives  at  the  top  of  the  cylinder,  the  valve 
H  is  closed,  and  the  tliree  valves  ft,  f,  and  ic  are  opened.  The 
effect  of  this  change  is  the  some  as  was  already  described  in 
the  former  case,  and  the  piston  will  in  the  game  manner  and 
from  the  »ame  causes  be  driven  downwards.  The  air-punip 
piston  will  at  the  same  time  descend  by  the  force  of  its  own 
weight,  aided  by  the  weif^lit  of  the  plug-frame  uttnched  to  ita 
rod.  As  it  descends,  the  air  below  it  will  be  p-adually  com- 
pressed above  the  surface  of  the  water  in  the  iKtttoni  of  tlie 
borrel,  until  ita  pressure  becomes  sufficiently  fp:eat  to  open 
the  valves  tu  tlie  air-pump  piston.  When  this  happens,  the 
valves  in  the  air- 
pump  piston,  as  re- 
prrserited  on  alarpre 
wale  itijiff.  iJSJ.f  will 
be  opened,  and  the 
air  wi  II  pfts.s  thn  -uj^h 
them  above  the  pis- 
ton. When  the  pis- 
ton comes  in  con- 
tnct  with  the  water 
in  the  bottom  of  the 
barrel,  this  >vater 
will  likeMrisc  pass 
through  the  open 
nUves.  When  the 
piston  has  arrived 
at  the  iHittoin  of 
the  air-pump  barrel,  the  valves  in  it  will  be  closed  by  the 
ure  of  the  fluids  aboVe  them.  The  next  ascent  of  the 
piston  will  draw  up  the  air-pump  pi:«tun,  alnd  with 
it  the  Auids  in  the  pump  barrel  above  it.     As  the  uir-ptiinp 
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piston  approaches  the  top  of  its  barrel,  tlie  air  and  water  aborc 
it  will  be  drawn  through  tlie  valve  k  into  the  hot  cistern  b. 
The  air  will  escape  in  bubbles  through  the  water  in  that  cis- 
tern, and  the  wann  water  will  be  deposite<l  in  iu 

The  magnitude  of  the  opening  in  the  condensing  valve  B, 
must  be  regulated  hy  the  quantity  of  steam  admitted  to  the 
cylinder.  As  much  water  ought  to  be  supplied  llirough  the 
injection  valve  as  will  be  suiEcient  to  condense  the  steam  con- 
tained in  the  cylinder,  and  also  to  reduce  the  temperature  of 
the  water  itself,  wbcD  mixed  willi  the  steam,  to  a  sufficiently 
low  degree  to  prevent  it  from  producing  vapour  of  a  preasun 
which  would  injuriously  aficct  the  working  of  the  piston.  It 
has  been  shown,  that  five  and  a  half  cubic  inches  of  ice-cold 
water  mixed  with  one  cubic  inch  of  water  in  the  state  of 
steam  would  produce  six  and  a  half  cubic  inches  of  water  at 
the  boiling  temperature.  If  then  the  cylinder  contained  one 
cubic  inch  of  water  in  the  state  of  steam,  and  only  five 
and  a  half  cubic  inches  of  water  were  admitted  through  tb* 
condensing  jet,  supposing  this  water,  when  admitted,  to  be  at 
the  temperature  of  Sii°,  tlien  tlie  consequence  would  be  that 
ax  and  a  half  cubic  inches  of  water  at  the  boiling  tcropenture 
would  be  produced  in  the  condenser.  Sk-'ura  would  inuD^ 
diately  arise  from  this,  and  at  tlie  same  time  the  temperatttie 
of  the  remainuig  water  would  be  lowered  by  the  amount  of 
the  latent  heat  taken  up  by  the  steam  so  produced.  This  va- 
)K)ur  would  rise  through  tlie  open  exliausting  valve  i,  would 
fill  the  cylinder  below  the  piston,  and  would  impair  the  effid> 
ency  of  the  steam  alwve  pressing  it  down.  The  result  of  the 
inquiries  of  Watt  respecting  the  pressure  of  steam  at  diflcrcnt 
temjieratures,  showed,  that  to  give  efficiency  to  the  steam  ftct* 
tng  uiK>n  the  piston  it  would  always  be  necessary  to  reduce 
the  temperature  of  the  water  in  the  condenser  to  100*. 

Let  ns  then  see  what  quantity  of  water  at  the  commoa 
temperature  would  be  necessary  to  produce  thf?8c  effects. 

If  the  latent  heat  of  steam  be  taken  at  1000**.  a  cubic  indi 
of  water  in  the  state  of  steam  may  be  considered  for  the  pur- 
poses of  this  computation,  as  equivalent  to  one  cubic  inch  ol 
water  at  1212".  Now  the  question  is,  how  many  cubic  iucfari 
of  water  at  GO"  roust  be  mixed  with  ttiisi  iii  order  that  the 
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mixture  may  have  the  temperature  of  100**  ?  This  will  be 
easily  coinputod.  As  the  cubic  inch  uf  water  at  I"12°  is  to 
be  reduced  to  100**,  it  must  be  deprived  of  1 1 12**  of  itn  tem- 
perature. On  the  other  hand,  as  many  inches  of  water  at 
60^  as  are  to  be  added,  inufit  be  raised  in  the  same  mixture 
to  the  temperature  of  100**,  and  therefore  each  of  these  must 
receive  40**  of  temperature.  The  number  of  cubic  inches  of 
water  necessary  to  be  added  will  therefore  be  determined  by 
finding  how  often  40°  are  contained  in  1112°.  If  1112  be 
divided  by  40,  the  quotient  will  be  27*8.  Hence  it  appears, 
that  to  reduce  the  water  in  the  condenser  to  the  tcnipemturc 
of  100**,  supposing  the  temperature  of  the  water  injected  to 
be  G0°,  it  will  be  necessary  to  supply  by  the  injection  cock 
very  nearly  twenty-eight  times  as  much  water  as  passes 
through  the  cylinder  in  the  state  of  steam  ;  and  therefore  if 
it  be  supposed  that  all  the  water  evaporated  iu  the  boiler 
passes  through  the  cylinder,  it  follows  that  about  twenty- 
eight  times  as  much  water  must  be  tlirown  into  the  condenser 
as  is  evaporated  in  the  boiler. 

From  these  circumstances  it  will  be  evident  that  the  cold 
astern  in  which  the  condenser  and  air-pump  are  submei^ed, 
must  be  supplied  with  a  considerable  quantity  of  water.  In- 
dependently of  the  quantity  drawn  from  it  by  the  injection 
valve,  as  just  explained,  the  water  in  tlie  cistern  itself  must 
be  kept  down  to  a  temperature  of  about  W.  Tlie  interior  of 
the  condenser  and  air-pump  being  maintained  by  the  steam 
condensed  in  them  at  a  temperature  not  less  than  100°;  the 
outer  surfaces  of  these  vessels  consequently  impart  heat  to  the 
water  in  the  cold  cistern,  and  have  tlierefore  a  tendeiu;y  to 
raise  the  temperature  of  that  water.  To  prevent  this,  a  pump 
called  the  cold  pump,  represented  at  h  in  ^.  21.,  is  provided. 
By  this  pump  water  is  raised  from  any  convenient  reservoir, 
and  driven  through  proper  tubes  into  the  cold  cistern.  This 
cold  pump  is  wrought  by  the  engine,  tlie  rod  beinf^  attached 
to  the  beam.  Water  being,  bulk  for  bulk,  heavier  Uie 
lower  it*  temperature,  it  follows  that  the  water  siipplie<l 
by  the  cold  pump  to  the  cistern  will  have  a  tendency  to 
sink  to  the  bottom,  pressing  upwards  tlie  warmer  water 
contained  in  it.      A  waste-pipe  is  provided,  by  which  this 
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water  is   drained  olf,  and  tlie  cistcm   tlicrcfore  maini 
at  the  necessary  tVinperature. 

Frum  what  has  )h.-<:u  staU-d,  it  is  idso  uTidrnt  that  the  if 
well  B,  into  which  tht^  warm  water  is  thrown  ti_v  thr  uir-|mmii, 
will  rucoive  considerably  more  water  tliau  is  nccewuj  to  fevd 
the  boiler.  A  waste-pipe,  to  canr  ofT  tliis,  is  alsn  pnividrd ; 
aiid  the  quaality  iiccc-ssor^-  to  feed  tiie  boiler  is  puniped  up  bjT 
a  small  pump,  o,  tlte  rod  of  which  is  attached  to  tlie  beam,  as 
represented  in  Tff/.  21.,  Olid  which  is  worked  by  the  engine. 
The  water  rained  by  Uiiit  pmnp  is  conducted  to  a  reservoir 
from  which  the  boiler  is  fed,  by  meaits  which  will  be  hereafter 
explained. 

We  shall  now  explain  the  manner  in  which  the  machine 
is  made  to  open  and  close  the  valves  at  the  proper  times.  By 
referring  to  the  explanation  alrtady  given,  it  will  be  per- 
ceived that  at  the  moment  the  piston  n'scbes  the  top  of  the 
cylinder,  tlic  upper  steam  vulve  e  must  be  open,  to  admit  the 
steam  to  press  it  down  ;  while  the  exhausting  valve  i  must  ba 
opened,  to  allow  the  steam  to  |>asa  to  the  condenser;  and  the 
condensing  xnlve  e  muHt  he  opened,  to  let  in  the  water 
necessary  for  the  condensation  of  the  steam ;  and  at  the  sama 
time  the  lower  steam  valve  h  must  be  closed,  to  prevent  ^km 
passage  of  tlie  steam  which  has  been  admitted  through  a. 
The  valves  n  i  and  e  must  be  kept  open,  and  the  valve  b 
kept  closed,  until  the  piston  arrives  at  tiie  bottom  of  tkm 
cylinder,  when  it  will  be  necessary  to  clow-  all  Uie  thnw 
valves,  6,  I,  and  b,  and  to  open  the  \'alve  u,  and  the  same 
efiects  must  be  produced  each  time  the  piston  arrives  at  the 
top  and  bottom  of  the  cylindi-r.  All  tliis  is  necompliabcd  by 
a  system  of  levers,  which  are  exhibited  in  ^.  21.  The 
pivnU  on  which  these  levert  play  are  repreaested  on  the 
framing  of  the  engine,  and  the  arms  uf  the  Icven  fi',  b',  and 
l',  communicating  with  the  corresponding  valves  o,  u,  and  I, 
arc  represented  opposite  a  bnr  attaclu-d  to  the  rod  of  tlie  air- 
pump,  called  tlie  plug  frame.  This  l>ar  carries  certain  pegs 
and  deteuta,  which  act  upon  the  arms  uf  the  several  leven  in 
snch  a  manner  that,  on  the  arrival  of  the  bt-ain  at  the  ex- 
tremities of  its  play  upwards  and  downwards,  tlie  levers  are 
■o  struck  that  the  vulvcs  are  opeued  and  clow.^d  at  the  pfopof 


SINGLE    ACTING    ENGINE. 


14S 


ail  the  details  of  this  ar- 
rangement- Let  it  be  sufHcient,  as  an  exampla  of  all,  to 
explain  the  method  of  working  the  upper  steani  valve  g. 
When  the  piBton  reaches  the  top  of  the  cylinder,  a  pin  strikes 
the  onn  of  tlic  lever  g',  unci  throws  it  upwards  :  tJiiH,  by 
incana  of  the  ttystem  of  levers,  pulls  the  arm  of  the  ip-aJve  o 
cUnrawards,  by  which  the  upper  steam  valve  is  raised  out  of 
its  seat,  and  a  passage  is  opened  from  the  steam  pipe  to  tlic 
cylinder.  The  valrc  is  maintained  in  tliis  state  until  the 
piffton  reaches  the  bottom  of  the  cylinder,  when  the  arm  o' 
is  presacd  downwards,  by  which,  the  ann  o  is  pressed  up- 
wards, and  the  valve  restored  to  itn  seat.  By  similar  methods 
the  U'vers  guveming  the  other  three  valves,  h,  i,  and  e,  are 
worked. 

The  valves  used  in  these  i:n^neH  were  of  the  kind  called 
'v-^s-.^  tpindie  suites.     They  consisted  of  a  flat  circu- 

lar plate  of  bell  metal,  a  b,  Jig.  33.,  with  a 
round  sjiindle  pa-ssiiip  perpendirnJarly  through 
iu  centre,  and  projecting'  above  and  behiw  it. 
This  valve,  having  a  conical  form,  was  fitted 
very  exactly,  by  grinding  into  a  cxirresponding 

CI  circular  conical   seat,  a  b  c  d,  fy.  24.,  which 

"  fonns  the  passage  which  it  is  the  ofHce  of  the 

»alve  to  open  and  close.     Wlten  the  valve  falls  into  its  seal, 
it  fits  the  aperture  like  a  plug,  so  as  entirely  to  stop  iU     The 
^  spindle  plays  in  sockets  or 

.  J^  '  '         ^^    holes,    one    above    and    the 

I  ™  J^— ^^M^iJ  P   otlier   below    the    aperture 

J  ffflk         /^   ^^WP     which  the  valve  stops  ;  these 

holes  keep  the  valve  in  its 
proper  position,  so  as  to 
cause  It  to  drop  exactly  into 
hs  place. 

In  the  exjierimental  engine 
made  by  Mr.  Watt  at  Kiti- 
ncaj,  he  used  cocks,  and  sometimes  sliiling  covers,  like  the  re- 
gulator described  in  tlie  old  engines  ;  hut  these  he  found  very 
toon  to  become  leaky.  He  was,  therefore,  obliged  to  change 
ihem  for  the  .spindle  valves  just  described,  which,  being  truly 
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ground,  and  accuratelj  fitted  in  the  first  iiutance,  were  not  ao 
liable  to  go  out  of  order.  These  v&ivos  arc  also  called  ptipptt 
clacks,  or  button  valvex. 

In  the  earlier  engines  constructed  hy  Watt,  iJie  con- 
densation was  produced  by  the  contact  of  cold  surfocrt, 
without  injection.  The  reason  of  rejecting  the  method  of 
condensing  by  injection  was,  doubtless,  to  avoid  the  injuricoi 
efiTecta  of  the  air,  which  woiJd  always  enter  the  condenser,  in 
combination  witli  the  water  uf  condensation,  and  vitiate  the 
vacuum.  It  was  soon  found,  however,  that  a  condenser 
acting  by  cold  surfaces  without  injection,  being  neceiauilj 
composed  of  narrow  pipes  or  paRsages,  was  linble  tn  incrwit- 
atinn  from  Imd  water,  hy  which  tlie  conducting  power  of  the 
material  of  the  condenser  was  diminished  ;  90  that,  while  iti 
outer  surface  w^ns  kept  cold  by  the  water  of  the  cold  cixtom, 
the  inner  tiurfitce  might,  nevertheless,  be  so  warm  that  a  \cr; 
imperfect  coudeusation  would  be  produced. 
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CHAP.  VI. 


*^RllKSroXDKKCB  OF  WATT  WITH  SHBATOH.  —  PAILURB  OF  CONDKN- 
MnON  BV  St'RPACS.  —  I1IPRDVENB»TS  IN  CON  STB  UCT  ION  OF  PISTON. 
—  MBTIIon     OF     PACKINU.  —  IMPHOVKMENTS     IN     nORlKG    THE    CYMN- 

Dnj. DISADTANTiriM     OV     THE     N^W     rOMI'ARFD    WITH     THE    OLD 

BNOIIUBS. —  GBKATLY  INCRRAnP.D  KCONOMT  OV  FUEL.  —  KXI'EIHEXTS 
TO  POKCB  TUB  NEW  ENGINES  INTO  HSR.  —  COHHESPOKOENri;  WITH 
MRATON.  —  EFVICIBNfV  OF  PrKL  IS  THKNF.W  ENGJNBS.  —  DIS- 
fOrEBr    OP   THE    EXPANSIVK    ACTION    OK    STEAM.  —  WATT     STATES     IT 

W    A     LETTFK     Tn     l>».    SSIAI.L. ITS     PBlNCll-I.F.     KXFUINBn. MR- 

rBANlr^L     EFFECT      RESIII.TING     FRDM     IT.  —  COKPl.TED      EPFBrT     (IP 

CCTTING    OFF    STRAM    AT     mFFKREXT    PORTIONS     OF     THE     STROKE 

FBODUCKS  A  VAKIAHLB  POWKB. —  KXPEDIENTil  FOR  taUALISINC.  THB 
POWKB. — LIMITATION  OF  THB  EXl-ANSiVE  PBINCEPLE  IN  WATT's 
IWfilNCS.  —  ITS  MOHB  BXTBN^IVB  APPLICATION  IN  TIIK  COBM9H  KN- 
GMEA. 

(77.)  In  a  letter  addressed  by  Watt  to  Snicatoii,  dated  April, 
I7G6,  Watt  refers  to  some  of  these  practical  difficuities  which 
had  to  encounter.  "  I  have  been,"  saya  he,  "  tormented 
excccdinply  had  healtli,  resulting  from  the  opci-ation  of 
timis  mind,  the  natural  ctmHeqiienee  of  sinking  eveir- 
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thing  upon  liie  cast  of  a  die ;  for  in  that  light  I  took  upon 
every  project  which  has  not  received  the  sanction  of  repeated 
success. 

"  [  have  made  considerable  alterations  in  our  engine  lately, 
particularly  in  the  condenser.  That  which  I  used  at  6nt 
was  liable  to  1>e  im|>aircd,  from  incnistjitinns  from  bad  water; 
therefore  we  have  substituted  one  which  works  by  an  in- 
jection. In  pursuing  this  idea  I  have  tried  several  kinds, 
and  have  at  last  come  to  one,  which  T  am  not  inclined  to 
alter.  It  consists  of  a  jack-head  pump,  shut  at  bottom,  with 
a  common  clack  bucket,  and  a  valve  in  the  cover  of  the 
pump,  to  discharge  the  air  and  water.  The  eduction  steam 
pipe,  which  comes  from  the  cylinder,  communicates  witb  this 
pump  both  above  and  below  the  bucket,  and  has  valvea  to 
prevent  anything  from  going  bsck  from  the  pump  to  the 
etiiiction  pipe.  Tlie  bucket  descends  by  its  own  weight,  and 
is  raised  by  the  en^ne  when  the  great  piston  deaccnds,  being 
hung  to  the  outer  end  of  the  great  lever :  the  injectian  is 
made  both  into  the  upper  part  of  this  pump  and  into  the 
eduction  pipe,  and  operates  beyond  my  ideas  in  point  of 
quickness  and  perfection." 

Besides  the  dijficulty  ariung  from  incrustation.  Watt 
found  the  tubulated  condensers,  and  indeed  all  other  expe- 
dients for  condensing  by  cold  siu^aces,  subject  to  a  fatal 
objection.  They  did  not  condense  instantaneously,  and 
although  they  were  capable  of  ultimately  effecting  the  cod- 
deusation,  yet  that  process  was  not  completed  until  a 
great  part  of  the  stroke  of  the  piston  was  made.  Thus 
during  more  or  leas  of  tlie  stroke  the  uncondenaed  steam 
resisted  the  piston^  and  robbed  the  moving  power  of  a  part 
of  its  effect.  This  objection  has  ever  attended  condenaatioo 
by  surface. 

(78.)  Another  source  of  difficulty  arose  from  the  necessity  of 
constructing  the  piston  and  cylinder  with  greater  precision 
than  had  been  usual  in  the  old  engines.  To  flt  the  cover  to 
the  cylinder  so  as  to  be  steam-tight ;  to  construct  llie  piston 
rod  so  as  to  move  tlirough  it  without  allomiig  the  escape  of 
steam,  and  yet  at  the  same  time  without  injurious  friction; 
to  connect  the  piston  rod  with  the  piston,  so  as  to  drive  the 


latter  through  the  cyh'nder  with  a  pt^rfectly  Btraight  and 
parallel  motion ;  to  make  such  connection  perfectly  centrical 
and  firm,  and  yet  to  allow  the  piston  in  its  ascent  to  cnmo 
nearly  into  contact  with  the  cover  of  tlio  cylindi.T — wurL-  all 
difficulties  peculiar  to  the  new  engine.  In  the  atmospheric 
engine  the  shank  of  the  piston  rod  was  rough  and  square, 
vaA  the  rod    waa  secured  to   the   piston    hy   two   or   four 


/>.« 


branches  or  stays,  as  represented  in 
Jiff.  25.     It  is  endent   that  such  a 
construction  would  be  inadmissible 
in  an  engine  in  which  the  piston  in 
—  its  ascent  must  be  hrourrht  nearly 

H  '  into  contact  with  the  close  cover  of 

I  the  cylinder.     Besides  this  the  pis- 

ton  rod  of  an    atmospheric   engine 
(  '  might  throughout  its  whole  length 

/y\  have  any  fonn  which  was  most  con- 

-/  1  V-  venient,  and  required  no  oUier  pro- 

perty than  the  strength  necessary  to 
work  the  beam.    In  the  new  engine, 
on  the  contrary,  it  was  necessary  that 
it  should  be  accurately  turned  and 
finely  polished,   so  as  to   pass  tlurougli  the  hole  in  the  top 
of  the  cylinder,  aiul  be  maintained  in  it  steam-tight  This  waa 
elTectcd  by  a  contrivance  called  a  stujfiny-box  b,  represented  in 
'V-  M.  Jig.  26.     A  hole  is  made  in  the 

I  cover  of  the  cylinder  very  little 

pJ^    iLj  greater  in  magnitude  than  the 

c^L    -p  diameter    of    the    piston    rod, 

jjf    'J  Above   this    hole  Is   a   cup   in 

_  "^^  which,    around    the    piston,    is 

I  ~        placed  a  stul]ing  of  hemp  or  tow, 

I  j.l  which  is  saCuinted  \v\t\\.  oil  or 

'  melted  tallow.      This  collar  of 

hemp  is  pressed  down  by  another  piece,  also  perforated  with 
A  hole  through  which  the  piston  rod  plays,  and  which  is 
screwed  do\vn  on  the  said  collar  of  hemp. 

(7f>.)  Although  the  imperfect  manner  in  wliich  the  interior  of 
the  cylinders  was  then  foniied  impaired  the  efficiency  of  the 
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new  engines,  yet  such  imperfections  were  not  io  injurioua  u 
in  the  old  atmospheric  enjifines.  Aiiy  imperfection  of  form  of 
the  inner  auHaec^  of  the  cylinder  would  neccfwarily  cause  more 
or  less  steam  or  air  to  escape  between  tlie  piston  and  cylinder. 
In  the  improved  engine  this  steam  passing  into  the  vacuum 
below  the  pi«ton  would  rush  into  the  condenser,  and  be  there 
condensed,  so  that  its  cflect  in  resisting  the  mutiuu  of  the 
piston  would  necessarily  be  trifling.  But  on  the  other  hand, 
any  escape  of  oir  between  the  piston  and  cylinder  of  an 
atmosjiheric  engine  would  introduce  an  elastic  fluid  under 
the  piston,  which  would  injuriously  ofTect  tlie  action  of  the 
machine. 

To  make  tlic  pistons  move  sufficiently  8tcam-tipht  in  these 
early  imperfect  cylinders,  "Watt  contrived  a  packing  formed 

of  a  collar  of  hemp,  or 
tow,  as  represented  in 
fig.  27.  Ilie  bottom  of 
Uic  piston  was  formed 
of  a  circular  plate  of  a 
diameter  nearly,  but  not 
altogether  equal  to  the 
The  part  of  the  piston  above 


Ol 
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interior  diameter  of  the  cy  lind 
this  was  considrrably  less  in  diameter,  so  that  the  piston  was 
surrounded  by  a  circular  groove  or  cluinnel  two  inchei  widci 
into  which  hemp  or  soft  rope,  called  gatket,  was  run*  ao  «a 
to  form  the  packing.  The  top  of  the  piston  was  placed  over 
this,  having  a  rim  or  projecting  port,  which  entered  the  cir- 
cular groove  and  pressed  upon  the  packing,  the  cover  being 
pressed  downwards  by  screws  passing  through  the  piston. 
The  lower  part  of  the  groove  round  the  piston  was  rounded 
with  a  rune,  so  that  the  pressure  on  the  packing  might  force 
the  latter  against  the  inner  siu-face  of  the  cylinder.  'Xliis 
packing  was  kept  supplied  with  melted  tallow,  as  already 
described,  iVom  the  funnel,  screwed  into  the  top  of  the 
cylinder.  The  metallic  edges  of  tlic  piston  were  by  this 
means  prevented  from  coming  into  contact  with  the  surface 
of  the  cylinder,  which  was  only  pressed  upon  by  the  stuffing 
or  packing  projecting  beyond  the«e. 

{80.)  Improved  methods  of  boring  soon,  however,  reKrved 


BOHING    THE    CYLINOKR. 


U9 


^Ksurfi 


the  engine  from  a  port  of  these  imperfectioiut,  oiid  Watt  writes 
to  Mr.  Smeaton  in  the  letter  above  quoted  as  follows :  — 

"  \lr.  VVilkimon  has  improved  tlie  art  of  boriiijjt  L'}lmili.Ts; 
ao  that  I  promise,  upon  a  72  inch  cylinder,  being  not  furtlier 
distant  from  absolute  truth  thaa  the  tliickncss  of  a  tliiu  six- 
pence in  the  wontt  part.  I  am  labouring;  to  improve  the 
regulators ;  my  scheme  is  to  make  them  aeute  cuuical  valves, 
shut  by  a  weight,  and  opened  by  the  force  of  tJie  steam. 
They  bid  fair  for  success,  and  will  be  tried  in  a  few  days." 

The  person  here  alluded  to  was  Mr.  John  Wilkinson,  of 
Bersham  near  Chester,  who,  about  the  year  1775,  contrived 
a  new  maehinc  for  acciu-ately  boring  the  insides  of  cylinders. 
The  cylinder  being  first  obtained  from  the  founder)'  with  a 
'ace  as  accurate  as  the  proce&s  of  casting  would  admit, 
had  its  imier  surface  reduced  to  still  greater  accuracy  by  this 
macliine,  which  consists  of  a  straight  central  bar  extended 
along  the  axis  of  the  cylinder,  which  was  madb  to  re- 
rolve  slowly  round  it.  During  the  operation  of  boring, 
the  borer  or  cutter  was  fitted  to  slide  along  this  bar,  which 
being  perfectly  straight,  served  as  a  sort  of  ruler  to  guide 
tlie  borer  or  cutter  in  its  progress  through  the  cylinder. 
In  this  maimer  the  interior  surface  of  the  cylinder  was  ren- 
dered not  only  true  and  straight  in  its  longitudinal  direc* 
tion,  but  also  perfectly  circular  in  its  cross  section.  * 

The  grease  found  to  be  most  eligible  for  lubrication  was 
the  tallow  of  beef  or  mutton ;  but  in  the  earlier  cylinders 
this  was  soon  consumed  by  rca-son  of  the  imperfection  of  the 
boring,  and  the  piston  being  left  dry  ceased  to  be  steam- 
tight.  To  prevent  this,  Watt  sought  for  some  substance, 
which  while  it  would  thicken  the  tallow,  and  detain  it  around 
the  piston,  would  not  be  subject  to  decomposition  by  Iteat. 
Black  lead  dust  was  used  for  this  purpose,  but  was  soon 
found  to  wear  the  cylinder.  In  tlie  mean  while,  however, 
the  improved  method  of  boring  supplied  cylinders  which  ren- 
dered this  expedient  mmecessary. 

When  tlie  inner  surface  of  the  cylinder  is  perfectly  tnie 
and  smooth,  the  packing  of  the  piston  is  soon  rendered  solid 
and  hard,  being  moulded  to  the  cylinder  by  working,  so  aa 
to  fit  it  perfectly.     Wlien  by  wear  it  became  loose,  it  was* 
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only  neccssury  to  tighten  the  screwy  by  wliich  the  top  mod 
bottom  uf  t}te  piston  were  held  t^ether.  llie  packing  beiug 
compressed  by  those  means,  was  forced  outwards  toward*  tbc 
surface  of  tlie  cylinder,  so  as  to  be  rendered  steani-tight. 

(81.)  It  was  not  until  about  tlie  year  1778,  nine  yean  after 
the  date  of  tlie  patent,  and  tlurtcen  after  the  invention  of 
separate  condensation,  that  any  impression  was  product'd  on 
the  mining  interests  by  the  advantages  which  were  pre- 
sented to  tbem  by  tht^so  vast  improvenuntjt.  This  long 
interval,  however,  had  not  elapsed  without  considerable 
advantage  ;  for  although  all  the  great  leading  principles  of 
the  contrivance  were  invented  so  early  as  tlie  year  1765^ 
yet  the  details  of  construction  had  been  in  a  state  of  pro- 
gmave  and  continued  improvement  from  the  time  Walt 
joined  Dr.  Roebuck,  in  1769,  to  the  period  now  adverted  tOi. 

The  advantages  which  the  engine  offered  in  the  form  in 
which  it'has  been  juat  described,  were  uumerou*  and  im- 
(Ktrtant,  as  compared  even  with  the  most  improved  form  of 
the  atmospheric  engine ;  and  it  should  be  remembered,  that 
that  machine  had  also  gone  on  progressively  improving,  and 
was  probably  indebted  for  some  of  it3  ameliorations  to  hints 
derived  from  the  labours  of  Watt,  and  to  the  adoption  of 
such  of  his  exi)cdicnts  as  were  applicable  to  tliis  imperfect 
n^hine,  and  could  l>e  adopted  without  an  infroctioo  of  hia 
patent. 

In  the  moot  improved  forms  to  which  the  atmospheric 
engine  liad  then  attained,  the  quantity  of  steam  wasted  at 
each  stroke  of  tlic  piston  was  equal  to  llic  contents  of  the 
cylinder.  Such  engines,  tlierefore,  consumed  twice  the  fuel 
which  would  be  requisite,  if  all  sources  of  waste  could  hsTO 
been  removed.  In  Watt's  engines,  the  steam  consumed  at  each 
stroke  of  the  pbton  amounted  only  to  1 1  times  tlie  content* 
of  the  cylinder.  The  waste  steam,  therefore,  per  stroke,  was 
only  a  quarter  of  what  was  usefully  employed.  The  absolute 
waste,  therefore,  of  tlie  bc^st  atmospheric  engines  was  four 
time*  tfaac  of  the  improved  engine,  and  cuusequently  th« 
saving  of  fuel  in  the  improved  engines  amounted  to  about 
three  eightlis  of  all  the  fuel  consiuned  in  atmospheric  engine* 
of  the  some  power. 
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(82.)  But  iudeptindently  of  this  saving  of  steam,  which  would 
otherwise;  be  wasted,  the  power  of  Watt's  engine,  as  com- 
pared with  the  atmospheric  engine,  was  so  much  augmented 
that  the  fornier  would  work  against  a  resistance  of  ten  pounds 
on  the  square  inch  under  the  same  circumstance*  in  which 
the  tatter  would  not  move  against  more  than  seven 'pounds. 
The  cause  of  this  augnientaliun  of  power  is  easily  explained. 
In  the  atmospheric  engine  the  tem]>erature  of  the  condeosed 
•team  could  not  be  reduced  below  153^  without  incurring  a 
r  lo«s  tlian  would  l>e  compensated  by  the  adi'antage  to 
be  obtained  from  any  higher  degree  of  condensation.  Now 
steam  raised  from  water  at  1 53°  has  a  pressure  of  nearly  four 
pounds  per  square  inch.  This  pressure,  therefore^  acted 
beluw  the  piston  rL-sisting  the  atmoephenc  pre»ure  above. 
In  Watt's  engine,  however,  tlie  condenser  was  kept  at  a 
lemperatun:  of  about  IOC*,  at  which  IcmperaturL-  steam  has 
^^■^  presnire  of  less  than  one  pound  per  square  inch.  A  resisU 
^^^tng  force  upon  tlic  piston  of  tlu'eL-  pounds  per  square  inch 
I  was  therefore  saved  in  Watt's  engine  as  compared  witii  the 
I         atmospheric  engine. 

I  (83.)  Besides  tliese  direct  sources  of  economy,   there  were 

I  other  advantages  incidental  tu  Watt's  engine.  An  atmoNpheric 
I  engine  possessed  very  limited  power  of  adaptation  to  a  varj- 
^■u-ing  load.  The  mo%'ing  power  being  the  atmospheric  pressure, 
^^rwas  not  under  control,  and,  on  the  other  hand,  was  subject 
1  to  Tariations  from  day  to  day  and  from  hour  to  hour>  accord- 
^^KlDg  to  the  changes  of  tlie  barometer.  In  tlie  first  construction 
^B  ef  such  an  engine,  therefore,  its  power  being  necessarily 
idapled  to  the  greatest  load  which  it  would  have  to  move, 
whenever  the  load  upon  its  pumps  was  dimiiiishod,  the  motion 
of  the  piston  in  descendiiidf  would  be  rapidly  accelerated  in 
consequence  of  the  moving  power  exceeding  the  roeistancc. 
By  this  the  machinery'  would  be  subject  to  sudden  shocks, 
wliieh  were  productive  of  rapid  wear,  and  exposed  the  machi- 
nery to  the  danger  of  fracture.  To  remedy  tliis  inconvenience, 
the  following  expedient  was  provided  in  tlie  atmospheric 
engine  :  whenever  tlie  load  on  tlic  engine  was  materially 
diminished,  the  quantity  of  water  admitted  through  the 
injection  valve  to  condense  tlic  steam  was  projKirtionallv  dimi- 
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niahed.  An  imperfect  coudcusalimi  bciug  ihcrvfore  produced, 
VApour  remained  in  the  cy^lindcr  under  the  piston,  the  pres- 
sure of  which  resisted  the  atmusplien.',  and  mitif^nitcd  the  Ccnvo 
of  the  machine.  Besides  thiti,  a  cock  was  provided  in  the  bot- 
tom of  the  cylinder,  called  an  air  cock,  by  which  atmospheric 
air  could  he  admitted  to  resist  the  piston  whenever  the 
motion  ^'os  too  rapid. 

Theae  eipedicnta,  however,  were  all  attended  with  a  waste 
of  fuel  in  relation  to  the  work  done  by  llie  engine;  fur  it  is 
evident  that  the  coiuumption  of  Rtcam  waa  ueceisarily  the 
same,  whether  the  engine  wa«  working  against  it4  full  load  or 
i^ainst  a  reduced  rcsiiitajire. 

On  the  oilier  hand,  in  the  improved  engine  of  Watt,  when 
the  load,  to  work  against  which  tlie  engine  exerted  its  full 
power,  was  diminished,  a  cock  or  valve  was  pronded  in  the 
steam  pipe  leading  from  the  boiler,  which  was  called  a  throttle 
vahe,  by  adjusting  which  the  passage  in  that  pipe  could  be 
more  or  less  contracted.  By  ri'gulating  this  cock  the  supply 
of  steam  firom  the  boiler  was  checked,  and  the  quantit)'  trans- 
mitted to  tlie  cylinder  diminished,  »o  that  its  effect  upon  the 
piston  might  be  rendered  equal  to  the  amount  of  the  dimi- 
nished resistance.  Hy  this  means  the  quantity  of  steani  trans- 
mitted to  the  cylinder  was  rendered  exactly  proportional  to 
the  work  wliich  the  engine  had  to  perform.  If,  under  such 
circumstances,  the  boiler  was  worke<l  to  its  full  power,  so  as 
to  produce  steam  as  fast  as  it  would  when  the  engine  wu 
working  at  full  power,  then  no  sanng  of  fuel  would  be  ef- 
fected, since  the  surplus  steam  produced  in  the  boiler  would 
necessarily  escape  at  the  safety  valve.  But  in  such  case  the 
fireman  was  directed  to  limit  the  fuel  of  the  furnace  until  llie 
discharge  at  the  safety  valve  ceased. 

By  these  ex|>cdicuts,  the  actual  consumption  of  fuel  in  one 
of  these  improved  engines  was  always  in  the  exact  proportion 
of  tlie  work  wliicU  it  performed,  whether  it  worked  at  full 
power  or  at  any  degree  tuider  its  regular  power. 

(B4.)  Notwithstanding  these  and  otiier  advantages  attending 
the  new  engines,  Boulton  and  Watt  exptirieuccd  ditliculties 
all  but  insurmountable  in  getting  them  into  use.  No  manu- 
factory existed  in  the  country  possi-ssiug  machinery  capable  of 
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executing  with  the  necessary  precisua  the  Taho  and  other 
parts  which  required  exact  execudoD,  and  the  patentees  wese 
competled  to  construct  machinery  at  Soho  for  this  purpoae  ; 
uid  even  after  they  succeeded  in  gectii^  the  crlindeTS  pitv 
pcrly  boredf  the  piston  rods  exactly  turned  and  poUshcd,  the 
^indle  valves  constructed  so  as  to  be  steam-o^it,  and  erery 
other  arraugcment  cumpleted  which  w«s  becc— ly  for  the 
efficiency  of  the  machine,  the  novelty  of  the  engine,  and  the 
difficulty  wliich  was  supposed  to  attend  its  maintenance  in 
good  working  order,  formed  strong  objections  to  its  adoptioa. 

To  remove  such  objections,  great  sacrifices  were  necewiiy 
on  the  part  of  Boulton  and  Watt ;  and  they  accordin^y  re- 
solved to  undertake  the  construction  of  the  new  engine  with- 
out any  profit,  giving  them  to  the  parties  requiring  their  nae 
St  first  cost,  on  the  couditioti  of  being  remunerated  by  a  anall 
share  of  what  they  would  save  in  fuel. 

"We  have  no  objection,"  writes  Mr.  Boulton,  **  to  contract 
with  tlie  Carron  Company  to  direct  the  making  of  an  engine 
to  return  the  water  for  their  mill*.  •  •  •  •  We 
do  not  aim  at  profits  in  engine  building,  but  shall  take  our 
profits  out  of  the  saving  of  fuel ;  so  that  if  we  save  nothing, 
we  shall  take  notliing.  Oiur  terms  are  as  follows:  we  mil 
make  all  the  necessary  plans,  sections,  and  elevations  for  the 
building,  and  for  the  engine  with  its  nppiurtenances,  specify- 
ing all  cast  and   forged  iron  work,  and  every  other  particular 

lative  to  the  engine.  We  will  give  all  necessary  directions 
lo  your  workmen,  which  they  must  impUcitly  obey.  We  will 
execute,  for  a  stipulated  price,  the  valves,  and  all  other  parts 
which  may  require  exact  execution,  at  Soho;  we  will  see  that 
sll  the  parts  are  put  together,  and  set  to  work,  properly  -,  we 
will  keep  our  own  work  in  repair  for  one  year,  auil  we  have 
no  other  objection  to  seven  years  than  the  inconvenience  of 
the  distance.  Wt:  will  guaruiitcc  that  the  engine  so  con- 
structed shall  raise  at  least  20,000  cubic  feet  of  water  twenty- 
four  feet  high  with  each  hundred  weight  of  coals  biunt. 

'*  When  all  this  is  done,  a  fair  and  candid  comi>arison 
shall  be  made  between  it,  and  your  o^vn,  engine,  or  any  other 
engine  in  Scotland,  from  which  comparison  the  amount  of 
savings  in  fuel  shall  be  estimated,  and  that  amount  being 
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divided  into  three  parts^  we  shall  be  entitled  to  one  uf 
parU,  ill  recompense  fur  our  patent  licence,  our  drawings^ 
&c.  &c.  Our  own  share  of  sanngs  shall  be  cscimated  in 
money,  acconllug  to  the  value  of  yuur  coals  delivered  under 
thu  boiler,  and  you  shall  annually  pay  us  tliat  sum,  during 
twenty-five  years  from  tlic  day  yuu  begin  to  work;  provided 
you  continue  the  une  of  the  engine  so  long.  And  in  case  you 
sell  tho  en^e,  or  remove  it  to  any  other  place,  you 
previously  give  us  nodce,  for  we  shall  then  be  entitled  to 
third  of  the  savings  of  fuel,  according  to  the  value  of 
at  sucb  new  place.  This  is  a  necessary  cundition,  otlicrwiM 
the  engine  which  we  make  for  you  at  an  expense  ol 
thousand  pounds  may  be  sold  in  Curuwall  for  ten  thoi 
pounds. 

"  Such  i>arts  of  tlie  engine  as  we  execute  at  Soho  wo  will 
be  paid  for  at  a  fair  price ;  I  conclude,  from  all  tlie  obserr- 
atious  I  have  had  au  opportunity  of  making,  that  our  ettginea 
are  four  times  better  than  the  common  engines.  In  boilen, 
which  are  a  very  expensive  article,  the  savings  will  be  in  pro- 
portion to  the  savings  of  coal.  If  you  compare  our  engine 
with  the  common  engine  (not  in  sixe,  but  in  power),  you  will 
find  the  original  expense  of  erecting  one  to  be  nearly  the 
same. 

*'  Mr.  Wilkinson  lias  bored  us  several  c^-linders,  almo«t 
without  error ;  that  of  fifty  inches  diameter,  which  we  put  up 
at  Tipton,  does  not  err  the  thickneas  of  an  old  shilling  in  any 
|>art ;  so  tiiat  you  must  cither  improve  your  method  of  boring, 
or  we  must  furnish  tlie  cylinder  to  you." 

The  reluctance  of  mining  companies  to  rcUncjuish  the  old 
engines,  even  on  these  tcniis,  led  them  to  prupoao  to  Mr. 
Watt  to  grant  them  a  licence  for  the  use  of  his  condenacr, 
to  be  applied  to  the  atmospheric  engine,  without  the  in- 
troduction uf  other  improvements.  Such  n  proposition  wa* 
made  to  him  by  Mr.  Smenton,  in  the  year  1778,  to  which  ha 
returned  the  following  answer:  — 

"  1  have  several  times  considered  the  proprie^  of  the 
application  of  ray  condensers  to  common  engines,  and  bare 
nuule  exi>erimentjt  with  tiiat  view  upon  our  engine  at  Sofao, 
but  haw  never  I'uuud  such  results  as  would  iuducv  me  to  tiy 
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U  any  where  elae;  and,  in  consequence,  we  reAued  to  make 
that  application  to  Wheal  Vii^in  eogviea  in  CmaaD,  ^td  lo 
wrnie  others;  our  n;ason9  were,  that  iJboi^  it  mif^  hmo 
enabled  them  to  have  gone  deeper  with  tbeir  procnt  enginrt, 
yet,  the  savings  of  fuel  would  not  hare  been  gn»L,  in  eon- 
parison  to  the  complete  machine,  fir  addii^  raatirnars*  to 
engines  that  were  not  in  good  order,  our  engbw  would  hare 
been  introduced  into  that  coimtiy  (which  we  look  npoK  as 
our  richest  mine)  in  an  un&vounUe  potnt  of  new,  aad 
without  such  profits  as  wouki  have  been  satia&ctovy  extber 
to  ua  or  to  the  adventurers;  and  if  we  had  giaiited  dw 
use  of  condensers  to  one,  we  must  have  done  »  to  all,  and 
lltcreby  have  curtailed  our  profits,  and  perfaapi  injored  our 
reputation.  Besides,  where  a  new  engine  is  lo  be  erected^ 
and  to  be  equally  well  executed  in  poinx  of  wcirkmaaafaip  and 
Btttniala,  an  engine  of  the  same  power  cannot  lie  cuutnictcd 
materially  cheaper  on  the  old  plan  than  on  oon ;  for  our 
boiler  and  cylinder  arc  much  smaller,  and  the  building,  the 
lever,  the  chaimi,  together  with  all  the  pump  and  pit  work, 
are  only  the  same.         •  •  •  • 

"  We  charge  our  profits  in  proportion  to  the  saiing 
ie  in  fuel  by  our  engine,  when  compared  with  a  com- 
mon one  which  buraa  the  aame  land  of  coals;  we  aak 
one-third  of  these  savings  to  be  paid  as  annually,  or  half 
yearly ;  the  payment  being  redeemable  in  the  option  of  our 
I  employer,  at  ten  years'  purchase  ;  and  when  the  coals  arc  low 
priced,  we  should  also  make  some  charge  a»  engineers.  In 
all  these  comparisons  our  own  interest  has  made  us  except 
jfour  (Mr.  Smeaton)  Improved  engines,  unless  we  were  allowed 
a  greater  proportion  of  the  ssviiigH." 

Their  exertions  to  improve  the  manufacture  of  engines  at 
Sobo  13  shown  by  the  following  letter  from  Mr.  Boulton,  in 
the  same  correspondence  to  Mr.  Smeaton  :  — 

"  We  are  systematising  tlie  business  of  engine  making,  as 
we  have  done  before  in  the  button  manufactory;  we  are  train- 
ing up  workmen,  and  making  tools  and  machines  to  form  the 
different  parts  of  Mr.  Watt's  engines  with  more  accuracy,  and 
at  a  cheaper  rate  tiian  can  possibly  be  done  by  the  ordinary 
metliods  of  working.     Our  workshop  and  apparatus  will  be  of 
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sufficient  extent  to  execute  all  the  cngiuca  which  are  likelj  to 
be  soon,  wanted  in  this  country  ;  and  it  will  not  be  wortli  the 
expense  (or  any  otlicr  enfjincfrs  to  erect  similar  works,  for  that 
wuulfl  be  tike  buildin^^  n  mill  to  grind  a  biiHhel  uf  conu 

"  X  can  assure  you  Ironi  experience,  that  our  small  engino 
at  Solio  is  rapablc  of  rai-ting  500,000  cubic  feet  of  water 
1  foot  high  with  every  1  \2  lbs.  of  coals,  and  we  are  iu  hopes 
of  doing  much  more.  Mr.  Watt's  engine  has  a  very  great 
advantage  in  mines,  which  are  continually  working  deeper : 
suppose,  for  instance,  that  a  mine  is  HO  fatlioms  deep,  you 
may  have  an  engine  which  will  be  equal  to  draining  the 
water  when  the  mine  is  worked,  to  100  fatlmnis  deep,  and 
yet  you  can  constantly  adapt  the  engine  to  its  load,  whether 
it  be  60  or  100  fathoms,  or  any  intermediate  depth  ;  and  iho 
consumption  of  coals  will  be  less  in  proportion  when  workin|j 
at  the  lesser  tluui  at  tlie  greater  deptlis ;  supposing  it  works, 
as  our  engines  generally  do,  at  1 1  lbs.  per  square  inch,  when 
the  mine  becomes  100  fathoms  deep." 

(85.)  The  great  improvement  which  has  been  introduced 
within  the  last  half  ceiitur}',  in  the  details  of  Watt's  steam 
engine,  will  be  rendered  manifest  by  comparing  tlie  effects  of 
a  given  weight  of  fuel  here  supplied  by  Mr.  Uouiton  with  the 
eifects  which  the  same  weight  of  fuel  is  now  known  to  produce 
in  the  best  pumping  engines  worked  in  Cornwall,  One  of  tbcve 
engines,  in  good  working  order,  lias  been  known  to  rsisc 
125,000,000  lbs.  1  foot  high,  by  the  combustion  of  a  bushel 
of  coals.  But  the  average  performance  of  even  the  best 
engines  is  below  this  amount.  If  we  Uke  it  at  90,000,000, 
this  will  be  equivalent  to  the  weight  of  about  1^  miUioa 
cubic  feet  of  water,  a  bushel  of  coals  being  }  cwt.  It  will 
tlicrefore  follow  that,  with  the  present  engines,  one  hundred 
weight  of  coals  is  capable  of  raising  about  two  million  cubic 
feet  of  water  one  foot  high,  being  a  duty  four  times  that 
Msigned  to  tlie  early  engines  by  Mr.  Boulton. 

(fiCi.)  At  the  time  dial  Watt,  in  conjunction  with  Dr.  Roe- 
buck, obtained  the  patent  for  bis  improved  engine,  the  idea 
occurred  to  him,  tliat  the  steam  wliich  had  impelled  tlie  piston 
in  its  descent  rushed  from  the  cylinder  with  a  mechanical 
furcu  much  more  than  suilicient  to  overcome  any  reristuuM 


DISCOVERT    OF   EXPAVSTOS. 


157 


which  it  had  to  encoonter  in  it«  paange  to  tiie  cakJenTT ; 

snd  that  such  force  might  be  rcndt-red  arulable  M  m  nunag 
power,  in  addition  to  that  already  obtained  from  tlie  ateamt 
during  the  stroke  of  the  piston.  This  notion  inrohrd  the 
wbole  principle  of  the  expansive  action  of  steam,  whidi 
nil>sequentlT  proved  to  be  of  such  importance  in  the  per* 
funnance  of  steam  engines.  Watl  was,  bowcrcr,  so  xoocll 
enjrrossed  at  that  timp,  and  subsequenllv,  by  the  difficul- 
ties be  had  to  encounter  in  the  construction  of  bis  engines, 
that  be  did  not  attempt  to  bring  this  principle  into  oper^ 
ation.  It  was  not  until  after  he  had  oi^anised  that  part  of 
the  establishment  at  Soho  which  was  appropriated  to  the 
manufacture  of  steam  engines,  that  he  proceeded  to  apply  the 
expansive  principle.  Since  the  date  of  the  patent  which  he 
took  out  for  this  (1782),  was  subsequent  to  the  application  of 
the  same  principle  by  another  engineer,  named  Homblower,  it 
is  right  to  state,  that  the  claim  of  Mr.  Watt  to  this  important 
step  in  the  improvement  of  the  steam  engine,  is  eauUkbed 
by  a  letter  addrt-i^cd  by  him  to  Dr.  Small,  of  Binnii^unn, 
dated  Glasgow,  May,  1769  :  — 

"  I  mentioned  to  you  a  melliod  of  stil]  doubling  the  efled 
of  the  steam,  and  that  tolerably  easy,  by  using  the  power  of 
steam  rushing  into  a  vacuum,  at  present  lost.  This  would  do 
bttle  more  than  double  the  effect,  but  it  would  too  much 
enlarge  the  vcsscU  to  use  it  all :  it  Is  peculiarl}'  applicable  to 
wheel  engines,  and  may  supply  the  want  of  a  condenser, 
where  tlie  force  of  steam  only  is  used  ;  for  open  one  of  the 
steam  valves,  and  admit  steam  until  one-fourth  of  the  distance 
between  it  and  the  next  valve  is  6lled  with  steam,  then  shut 
Iho  valve,  and  the  steam  will  continue  to  expand,  and  to 
ireas  round  the  wheel,  with  a  diminishing  power,  ending  in 
one-fourth  of  its  first  exertion.  The  sum  of  the  series  jou 
will  find  greater  tliaji  one-half,  though  only  one-fourth  of 
ite&m  was  used.  The  power  will  indeed  be  unequal,  but  tliis 
can  be  remedied  by  a  fly,  or  by  several  otlier  means." 

In  I77G  the  engine,  which  had  been  then  recently  erected 

E4t  Soho,  was  adapted  to  act  upon  the  principle  of  expansion. 
When  the  piston  had  been  pressed  down  in  the  cylinder  for 
a  certain  portion  of  the  stroke,  the  further  supply  of  steam 
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from  the  boiler  was  cut  off,  by  closing  the  ti|iper  atOAin  T«hr«, 
and  the  remaiuder  of  the  stroke  was  accomplished  by  the 
expansive  power  of  the  steam  which  hnd  alreaily  \*eeu  hitro- 
duced  into  tlie  cylinder. 

(87.)  To  make  this  method  of  applying  the  force  of  steam 
intelligible,  ftome  previous  explanation  of  mechanical  principle* 
will  be  neceasary. 

If  a  body  which  offers  a  certain  resistance  be  urged  by  a 
certain  moving  force,  the  motion  which  it  will  receive  will 
depend  on  the  relation  between  the  cnergj*  of  the  movinjf 
force  and  the  amount  of  the  resistance  opposed  to  it.  If  the 
moving  force  be  precisely  equal  to  the  reai»tanee,  the  motion 
which  the  body  will  receive  will  be  perfectly  unii'onu. 

If  the  energy  of  the  moving  force  be  greater  than  tha 
resistance,  then  its  surplus  or  excess  above  the  amount  of 
resistance  will  be  expended  in  imparting  momentum  to  the 
mass  of  the  body  moved,  and  the  latter  will,  consequently, 
continually  acquire  augmented  speed.  The  motion  of  the 
body  will,  therefore,  be  in  this  case  accelerated. 

If  the  energy  of  the  moving  force  be  less  in  amount  than 
the  resistance,  then  all  that  portion  of  the  resistance  which 
exceeds  the  amount  of  the  moving  force  will  be  expended  in 
depriving  the  mass  of  the  body  of  momentum,  and  the  body 
will  tlierefore  be  moved  with  continually  diminished  speed 
until  it  bo  brought  to  rest. 

(88.)  Whenever,  therefore,  a  uniform  motion  is  produced  to 
a  body,  it  may  be  taken  as  an  indication  of  the  equality  of  the 
moving  force  to  the  resistance :  and,  on  the  otiter  hand, 
according  as  the  speed  of  the  body  is  augment<?d  or  dimi' 
ntshed,  it  may  lie  inferred  tliat  tlie  energy  of  (Jie  moving 
force  has  been  greater  or  less  than  the  resistance. 

It  is  an  error  tu  suppose  that  rest  is  the  only  condition  pas- 
sible for  a  body  to  assume  when  under  the  operation  of  imto 
or  more  mechanical  forces  which  are  in  equilibrium.  By  the 
laws  of  motion  tlic  slate  nf  a  bo<Iy  which  is  not  under  the 
operation  of  any  external  force  must  be  either  in  a  slate  of 
rest  or  of  uniform  motion.  Whichever  be  its  state,  it  will 
suffer  no  change  if  the  body  be  brought  under  the  operation 
of  two  or  more  forces  which  are  in  nqutlibrium ;  for  to  sup- 
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po«e  such  forces  to  produce  any  change  in  tiie  stale  of  the 
body,  whether  from  rest  to  motion,  or  vice  rerjt&^  or  in  the 
velocity  of  tho  motion  which  the  body  may  have  previously 
had,  would  txr  equivalent  to  a  supposition  that  the  forces 
applied  to  the  body  being  in  cqviiHbrium  were  capable  of 
producing  a  dynamical  efFect,  wliich  would  be  a  contradiction 
in  terms.  This,  though  not  always  clearly  understood  by 
mere  practical  men,  or  by  persons  supcriicially  iiLformed,  is, 
in  fact,  among  the  fundamental  principles  of  mechanical 
science. 

(89.)  When  tlic  piston  is  at  the  topof  the  cy!inder,and  about 
to  commence  it«  motion  downwards,  the  steam  acting  upon  it 
will  have  not  only  to  overcome  the  resistance  arising  from 
the  friction  of  the  various  parts  of  the  engine,  but  will  also 
have  to  put  in  motion  the  whole  mass  of  matter  of  the  piston 
pump  rods,  pump  pintons,  and  the  column  of  water  in  the 
pump  barrels.  Besides  imparting  to  this  mass  the  momentum 
coFFesponding  to  the  %'elocity  with  which  it  will  be  moved,  it 
will  also  have  to  encounter  the  resistance  due  to  the  prepon- 
derance of  the  weight  of  the  water  and  pump  rods  over  that 
of  the  steam  piston.  The  pressure  of  steam,  therefore,  upon 
the  piston  at  tlie  commencement  of  the  stroke  must,  in  ac- 
cordance with  the  mechanical  principles  just  explained,  have 
a  greater  force  tlian  is  equal  to  all  the  resistances  which  it 
would  have  to  overcome,  supposing  thi?  mass  to  be  moving  at 
a  uniform  velocity.  The  moving  force,  therefore,  being 
greater  than  the  resistance,  the  mass,  when  put  in  motion, 
will  necessarily  move  with  a  gradually  augmented  speed,  and 
the  piston  of  Uie  engine  which  has  been  described  in  the  last 
chapter  would  necessarily  move  from  the  top  to  the  bottom 
of  the  cylinder  with  an  accelerated  motion,  having  at  the 
iDoment  of  its  arrival  at  the  bottom  a  greater  velocity  than  at 
any  other  part  of  the  stroke.  As  the  piston  and  all  the 
matter  wliich  it  has  put  in  motion  must  at  this  point  come  to 
rest,  the  momentum  of  the  moving  mass  must  necessarily 
expend  itself  on  some  part  of  the  machiner)',  and  would  be 
so  much  mechanical  force  lost.  It  is  evident,  therefore, 
independently  of  any  consideration  of  the  expansive  principle, 
to  which   we  shall   presently  refer,    that  the  action  of  the 
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moving  power  in  the  descent  of  the  piston  ought  to  be  ni»- 
pended  before  the  arrival  of  the  piston  at  the  bottom  of 
the  cylinder,  in  order  to  allow  tlie  momentUD)  of  the  nuuR 
which  is  in  motion  to  expend  itsi^lf,  and  to  allow  the  piston 
to  come  gradually  to  rest  at  tlie  tenninatJon  of  the  stroke. 

ThiLS,  if  we  were  to  siippoAc  tliat  after  tlie  jHston  bad  de> 
sccndcd  through  thrce-fourtlis  of  the  whole  length  of  the  cy- 
linder, and  had  acquired  a  certain  %'clocity,  the  steam  above  it 
were  suddenly  condensed,  ho  as  to  leave  a  vacuum  both  itbow 
and  below  it,  the  piston,  being  Uicn  subject  to  no  impcUicg 
force,  would  still  move  downwards,  in  virtue  of  the  momen- 
tuju  it  ha*l  acquired,  until  the  resistauce  would  deprive  it  of 
that  momentum,  and  bring  it  to  rest;  aud  if  the  remaining 
fourth  part  of  the  cylinder  were  necessary  for  the  accomplish* 
mont  of  this,  then  it  is  evident  that  that  part  of  the  stroke 
would  be  accomplished  without  further  expenditure  of  the 
moving  power. 

In  fact,  tills  part  of  the  stroke  would  be  made  by  the 
expenditure  of  that  excess  of  rooring  power,  which,  at  the 
commencement  of  tlic  stroke,  had  been  employed  in  putting 
the  machinery  and  its  load  in  motion,  and  in  subsequently 
accelerating  that  motion. 

Although  under  such  circumstances  the  resistance,  during 
the  operation  of  the  moving  power,  shall  not  have  been  at 
any  time  equal  to  the  moving  power,  since  while  llie  motion 
was  accelerated  it  was  less,  luid  while  retarded  greater  than 
that  power,  yet  as  the  whole  mo%'ing  power  Yian  been  expended 
upon  the  resistance,  the  mechanical  effect  which  the  moring 
power  has  produced  under  sudi  circumstances  will  be  equal 
to  the  actual  amount  of  that  power.  If  in  an  engine  of  this 
kind  the  steam  was  not  cut  off  till  the  conclusion  of  tho 
stroke,  a  part  of  the  moving  power  would  be  lost  upon  thoao 
fixed  pouits  in  the  machinery  which  would  sustain  the  ahodt 
produced  by  the  instantaneous  cessiition  of  motion  at  tlie  end 
of  tlie  stroke. 

Independently,  therefore,  of  any  consideration  of  the  ex- 
pansive principle,  it  appears  that,  in  an  engine  of  this  kind, 
the  ateam  ought  to  be  cut  olT  before  the  completion  of  the 
stroke. 
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(90.)  To  render  the  expoiLslve  action  of  steam  intellifoble,  let 
*  B  (Jig.  !i8.)  represent  a  cylinder  whose  area  we  \v\W  suppose, 
^y-^^-   ibr  the  sake  of  illustration,  to  bo  a  squar* 

r^    ^  foot,  and  whose  length,  a  b,  shall  also  be 

a  foot.  If  steam  of  a  pressure  equal  to 
the  atmosphere  he  supplied  to  this  cy- 
linder, it  will  exert  a  pressure  of  about 
one  ton  on  the  piston;  and  if  such  steani 
be  unifonnly  supplied  from  tlie  boiler,  the 
piston  will  he  moved  from  a  to  b  with  llie 
force  of  one  ton,  and  that  motion  will  h« 
J      I  r  uniform  if  the  piston  be  opposed  throuj^h- 

*4^  J  out  the  same  space  by  a  resistanee  equal 

4-9Hri  to  a  ton.    When  the  piston  has  arrived  at 

^  f^  "- '-  ■  -n  B,  let  ussupjHMC  that  the  further  supply  of 
steam  firoui  tho  boiler  is  stopped  by  closing 
Uic  upper  steam  valve,  and  let  us  also  suppose  the  cylinder  to  l>e 
continued  downwards  so  that  Bc  shall  be  equal  to  a  b,  and  su]i- 
pose  that  a  c  has  been  previously  in  commimieation  with  the 
condenser,  oud  is  therefore  a  vacuum.  The  piston  at  B  will  then 
be  urged  with  n  force  of  one  ton  downwards,  and  ns  it  descends 
the  steam  above  it  will  be  diiTused  through  an  increased  volume, 
and  will  consequently  acquire  a  diminished  pressure.  We  shall, 
for  the  present,  assume  that  this  diminution  of  jiressure 
follows  the  law  of  elastic  fluids  in  general ;  that  it  nill  be  de- 
creased in  the  satnr  proportion  as  the  volumo  of  the  tit(.-um  is 
augmented.  While  the  piston,  therefore,  moves  from  b 
downwards  it  will  bc  urged  by  a  continually  decreasing  force. 
Let  us  suppose,  that  by  some  expedient,  it  is  also  liubjcct  to  a 
continually  decreasing  resistance,  and  that  this  resistance  de- 
creases in  the  same  proportion  as  the  force  which  urges  the 
piston.  In  that  case  the  motion  of  tlie  piston  would  continue 
uniform.  When  the  piston  would  arrive  at  p',  the  middle  of 
the  second  cylinder,  then  the  space  occupied  by  the  steam 
being  increased  in  the  proportion  of  2  to  3,  the  pressure  on 
the  piston  would  be  diminislied  in  the  proportion  of  3  to  2, 
and  the  pressure  at  b  being  one  ton,  it  would  be  two-thirds  of 
a  ton  at  p*.  In  like  manner  when  the  piston  would  arrive  at 
(*.  the  space  occupied  by  the  steam  being  double  that  which 
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it  occupied  when  the  piston  was  at  B,  the  pmsiire  of  the 
Bteam  would  be  lialf  ita  prcsAure  at  b,  and  Uicrcfarc  at  the 
tcnuiuation  of  llic  stroke,  the  pressure  on  the  piston  would  be 
half  a  ton. 

If  tiic  space  from  b  to  o,  through  which  the  steam  it  here 
supposed  to  act  expansively,  be  divided  into  ten  equal  parts, 
the  pressure  on  the  piston  at  the  moment  of  passing  each  of 
those  divisions  would  be  calculated  upon  tlic  same  principle 
OS  in  the  coses  now  mentioned.  After  moving  tlirougb  the 
first  division,  the  volume  of  tlio  steam  would  be  increased  in 
the  proportion  of  10  to  11,  and  therefore  its  pressure  would 
bo  diminished  in  the  proportion  of  11  to  10.  I'ho  prcamiro, 
therefore,  driving  t}ie  piston  at  tlic  end  of  llie  fu^t  of  these 
ten  divisions  would  bo  |f  ths  of  a  ton.  In  like  manner,  its 
pressure  at  the  second  of  tho  di\isions  would  be  -ff ths  of  ft 
ton,  and  the  third  l^ths  of  a  ton  ;  and  so  on,  as  indicated  in 
the  figure. 

Now  if  tlic  pressure  of  the  steam  through  each  of  these 
divisions  were  to  continue  uniform,  and,  instead  of  gradually 
diminishing,  to  suffer  a  sudden  cliangc  in  passing  from  one 
division  to  another,  then  tho  mechanical  effect  produced  from 
B  to  0  would  be  obtained  by  taking  a  mean  or  average  of  the 
several  pressures  throughout  each  of  the  ten  divisjooa.  In 
tho  present  case  it  has  been  supposed  that  the  force  ou  tbs 
piston  at  b  was  2^240  pounds.  To  obtain  the  pressure  in 
pounds  corresponding  to  each  of  the  successive  divisions,  it 
will  therefore  only  ho  necessary  to  multiply  2iJW  by  10,  and 
to  divide  it  successively  by  11,  12,  13,  &c.  Tlie  preasuras, 
therefore,  in  pounds,  at  each  of  the  ten  divisions,  will  be 
follows :  — 

eose-s 

16664 
1723-1 
JfiOO^ 
l««|-3 
140(HI 
13174 
1M4'« 
lUB-O 


If  the  mean  of  these  be  taken  by  adding  them  together 
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divifling  by  10,  it  will  be  found  to  be  1408  pounds.  It 
appears,  therefore,  tliat  tlie  pressures  tlirougli  each  of  the  ten 
divisions  being  supposed  to  be  uniform  (which  however, 
strictly,  they  arc  not,)  the  mechanical  effect  of  tliu  ateam  from 
B  to  c  would  be  the  same  as  if  it  acted  uniformly  throughout 
that  space  upon  the  piston  with  a  force  of  about  1500 
pounds,  being  rather  less  than  three-foiu'ths  of  its  whole 
clfect  from  A  to  B. 

But  it  is  evident  that  this  principle  will  be  equally  applic- 
able if  the  second  cylinder  bod  any  otlier  proportion  to  the 
firrt.  Thufl  it  might  be  twice  the  length  of  the  first;  and 
in  that  case,  a  further  mochanical  efiect  would  be  obtained 
(rom  the  expansion  of  tlie  steam. 

The  more  accurate  method  of  calculating  the  effect  of  the 
expansion  from  B  to  c,  woiild  involve  more  advanced  mathe- 
matical principles  Uian  could  properly  be  introduced  here ; 
but  the  result  of  such  a  computation  would  be  that  the  actual 
average  cfTect  of  the  ateam  from  B  to  c  would  be  equal  to  a 
tmiform  pressure  through  that  space,  amounting  to  one  thou- 
auid  five  hundred  and  forty-five  pounds,  being  greater  tlian 
the  result  of  the  above  computation,  the  difference  being  duo 
to  the  expansive  action  through  each  of  the  ten  divisions, 
which  was  omitted  in  the  above  computation. 

(91.)  It  is  evident  that  the  expansive  principle,  as  here  ex- 
plained, involves  the  condition  of  a  variation  in  the  intensity 
of  the  moving  power.  Thus,  if  the  steam  act  with  a  uniform 
energy  on  the  piston  so  long  as  its  supply  from  the  boiler  con- 
tinues, the  moment  that  supply  is  stopped,  by  closing  the  steam 
■»alve,  the  steam  contained  in  the  cylinder  will  fill  a  gradually 
increasing  voliune  by  the  motion  of  the  piston,  and  therefore 
will  act  above  the  piston  with  a  gradually  decreasing  encrgv". 
If  the  resistance  to  the  moving  power  produced  by  the  load, 
friction,  &c  be  not  subject  to  a  variation  corresiwndiiig  pre- 
cisely to  such  \'ariation  in  the  mo\nng  power,  then  the  conse- 
quence must  be  that  the  motion  imparted  to  the  load  will 
cease  to  be  uniform.  If  the  energy  of  the  moving  power  at 
any  part  of  the  stroke  be  greater  than  the  resistance,  the 
notion  produced  will  be  accelerated;  if  it  be  less,  the  motion 
will  be  retarded ;  and  if  it  be  at  one  time  greater,  and  another 
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dine  lea»,  as  will  probably  happen,  then  the  molioo  will  ba 
altemiiti.>ly  accelerated  iuid  retarded.  This  variation  in  tb« 
speed  of  the  body  moved  will  not,  however,  afTect  tlic  me- 
chanical effect  produced  by  the  power,  pro\i(le<l  tlwt  the 
momentum  impart^  to  tlie  moving;  maaa  be  allowed  to 
expend  itself  ut  the  end  of  the  stroke,  «o  that  tlic  ptittim. 
may  be  brought  to  rest  as  nearly  iw  possible  by  the  resistance 
uf  the  load,  and  not  by  any  shock  on  any  fixed  points  in  tltr 
machine.  This  is  an  object  which,  cont»equently,  ^hnuId 
be  aimed  at  with  a  Wew  to  tlie  economy  of  power,  inde- 
pendently of  other  considerations  connected  with  the  wear 
and  tear  of  the  machinery.  So  long  as  the  engine  is  only 
applied  to  the  operation  of  pumping  water,  great  regularity  of 
motion  is  not  essential,  and,  therefore,  Uie  variation  uf  speed 
which  appears  to  be  an  almost  uievitablo  consequence  of  any 
extensive  application  of  tlie  expansive  principle,  is  of  little 
imporlance.  In  the  patent  which  Watt  look  out  for  tlie 
application  of  the  expansive  principle,  he  specified  several 
metliods  of  producing  a  uuifonn  eflV-ct  upon  a  uniform  resist- 
ance, notwithstanding  the  variation  of  the  ent-rpy  of  ihe  power 
which  uccessarily  attended  tlie  exi}aimDn  of  the  steam.  This 
be  proposed  to  accomplish  by  various  mechanical  means,  somo 
uf  which  hod  been  previously  applied  to  the  e(|ualiKitiua  of  a 
varying  power.  One  consisted  in  causing  the  piston  to  act  on 
a  lever,  which  should  have  an  ann  of  amiable  limgth,  the 
length  increasing  in  the  same  proportion  as  thu  energy  of  the 
moving  power  diminished.  This  was  an  expedient  wliich  had 
been  already  applied  in  mechanics  for  the  purpose  ofeqiula* 
iiig  a  var^-ing  (lOwcr.  A  well-known  example  of  it  is  presented 
in  the  main-spring  and  fiizee  of  a  watch.  According  as  the 
watch  goes  down,  the  main-spring  l^ecomes  relaxed,  and  lU 
force  is  diminished  ;  but,  at  the  same  time,  tJic  chain  by  which 
it  drives  the  fuxoe  acta  upon  a  wheel  or  circle,  liaring  a 
diameter  increased  in  the  same  proportion  as  the  energy  of 
tlic  spring  is  diminished. 

Another  expedient  consisted  in  causing  the  moving  power, 
when  acting  with  greatest  energy,  to  lift  a  weight  wluch 
should  br  allowed  to  descend  again,  assisting  the  piston  when 
the  energy  of  the  moving  force  was  diminished. 
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Another  method  consUted  in  emariag  dw  Buifa^  Cbrs,  ■!«■ 
acting  with  greatest  eaa^^  to  iaipart  maoMaCi^  to  •  ■■■  of 
inert  matter,  which  should  he  nade  to  mtoie  t^  mme  fane 
wben  the  moving  powt- r  wmm  mtan  orfeeUei  We  Ad  ■•( 
more  than  allude  here  to  tJiese  coocmsDoes  ^ufum.d  I7 
Watt,  since  their  appBcaOon  has  never  be^  feaad  ■dns- 
Ugeous  in  cases  where  the  txpumn  iwUMJiiif  b  nsed. 

(92.)  The  application  of  the  expanam  pmdflt  m  the 
engines  constructed  by  Boultoa  and  Watt,  «■•  alvi^s  wiy 
limited,  by  reason  of  their  con&ang  <hg— <lw  to  the  «ae  of 
Btcam  having  a  pressure  not  much  f  rfffitiag  that  of  the  aaD»- 
sphere.  If  the  principle  of  expaiMaoa,  am  ahofv  cspkrawd,  be 
atu-ntively  considered,  it  will  be  erident  that  the  esctCBt  of 
its  application  will  mainly  depend  on  the  denstr  aad  ptesw 
of  the  steam  admitted  from  the  boiler.  If  the  dennty  and 
pressure  be  not  considerable  whoi  the  steam  is  cot  oB,  the 
extent  of  itii  subsequent  expanaon  iriD  be  |»opcitionrfly 
Ihnited.  It  was  in  consequence  of  this,  that  this  prindi^e 
fiom  which  considerable  economy  of  power  baa  been  derired, 
waa  applied  with  much  less  advantage  by  Mr.  Watt  than  it 
has  ftince  been  by  others,  who  have  adopted  the  use  1^  steam 
of  much  higher  pressure.  In  the  engines  of  Boulton  and 
Watt,  where  the  expansive  principle  was  applied,  the  steam 
was  cut  off  after  the  piston  had  perfonned  &om  <Hie  half  to 
two  thirds  of  the  stroke,  according  to  the  circumstances 
under  wliich  the  engine  was  worked.  The  decreasing  prcs- 
lure  produced  by  expansion  was,  in  this  case,  especially 
with  the  larger  class  of  engines,  little  more  than  would  be 
necessary  to  allow  the  momentum  of  the  mass  moved  to 
spend  itself,  before  the  arrival  of  the  piston  at  the  end  of 
the  stroke. 

Subsequently,  however,  boilers  producing  steam  of  much 
higher  pressure  were  applied,  and  the  steam  was  cut  off  when 
the  piston  had  performed  a  much  smaller  part  of  the  whole 
stroke.  The  great  theatre  of  these  exjM'rimentjt  and  improve- 
ments has  been  the  mining  districts  in  Cornwall,  where, 
instead  of  working  with  steam  of  a  pressure  not  much  exceed- 
ing that  of  the  atmosphere,  it  has  been  found  advantageou*" 
to  use  steam  whose  pressure  is  at  least  four  times  as  great 
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CHAP,  VII. 

FtOrKBTIU    OP   5TEAN. CUMHUN     STKAM. SI  PtfCHfUTKD    STEAM.  — 

L4W    OV     DAI.TON     and      GAr     LU93AC.  LAW      Of      HARIOTTK.  — RRl.A- 

TION  B8TWKP.M  TEMHKnATtKE  AMI  fHBaBllHB  OF  COUKON  fiTRAM. 
— KWrnCTS   OF     THB     F.XPaNSIOS    OP    tOMMOy     STKAH.  —  HECHAMCAl. 

irriK-TS    OF  STKAU. METHOD  OF  EltL'ALISINCi  TIIK  BXPANSITE    FORCE. 

—  HOKMHIJlWbR's  BN'CI.NE.  ^WOOLK's  RNtitNR.  — W*TT's  ATTKMI'T.S 
TO  EXTKM)  TIIK  STF.^M  KSr.INK  Tf>  M  ANT  KATTrnp;^  —  I'AE'ls's  PRO- 
leCTED  AFI'LICATIONH  of  TIIK  STRAU  KMlINF.  — S  xVKBV's  4HPU- 
CATtUSS  OF  THB  KIiOI>K  TO  MOVK  MACHINERY.  —  JONATUAN  HULL's 
APPUICATIOS  TU  \YATER  nilKEl^.  —  STEWAKT*3  AFFLICATION  OF  THE 
BNOIMR  TO  MIM.  WORK.  —  WASIIHOROL'OH'S  AFI'l.K'ATHI.V  OF  TItK  FLV 
WIIBRL4ND  CR  Artie  .—watt's  5BOONI>  fATXNT.-lDOUirLK-ACTIOK  VALVR9. 

(93.)  Since  the  application  of  the  expansive  action  of  steam 
iorolves  tlie  consideration  of  its  propertiea  when  it  ceases  to 
be  in  contact  with  the  water  from  which  it  was  produced, 
and  likewise  tlie  variation  of  it*  pressure  in  different  states  of 
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density  and  at  different  tompcrntiires,  it  is  necessary  here  to  eat* 
plain  some  of  the  most  importiiiit  of  tJicHo  properties  of  vapour- 
Steam  may  exUt  iu   two  states,  distinf^uislicd  from  each 
other  by  the  following  circumstances  : — 

1st.  It  may  be  such  that  the  abstraction  from  it  of  any 
portion  of  heat,  however  Rmall,  will  cause  its  partial  con- 
densation. 

2d.  It  may  he  such  as  to  admit  of  the  ahxtraction  of  heat 
from  it  without  undorv^uhig  any  other  chruif^e  thou  that  which 
air  wouUl  undeiyo  under  like  ciKumstances,  viz.  n  dimi- 
nution of  temperature  and  pressure. 

(OJ.)  We  shall  call,  lor  distinction,  the  former  Common 
Steapt,  and  the  latter  Superheated  Steam. 

To  explain  the  circumstances  out  of  which  these  properties 
arise,  let  b  (^g.  29.)  be  imagined  to  bo  a  vessel  filled  with 
water,  communicating  by  a  pipe  and  stopcock 
witi)  another  vcksi-1  a,  whicli  in  tlic  commence- 
ment of  the  process  may  be  conceived  to  be  filU'd 
willi  air.  Let  D  be  a  pipe  and  stopcock  at  the 
top  of  this  vessel.  If  the  vessel  b  be  heated,  and 
tlio  two  cocks  be  opened,  the  steam  proceeding 
from  the  water  in  b  will  blow  the  air  out  of  the 
vessel  A  through  the  open  stopcock  D,  in  tJie 
same  manner  as  air  is  blown  from  a  steam  enf^ne. 
When  the  vessel  a  by  these  means  has  been  Blled 
with  pure  steam,  let  both  stopcoeks  be  closed. 
If  the  steam  in  a,  under  these  circunutancea,  bare 
a  pressure  of  15  Um.  per  square  inch,  its  temper- 
iiturc  will  be  found  to  be  SI3^.  Now,  if  onv 
heat  be  abstracted  from  this  steam,  its  temperature  will  fall, 
and  a  portion  of  it  will  be  reconverted  into  water. 

Again,  suppose  the  VL-ssel  a  to  be  filled  with  pure  steam 
which  has  been  produced  from  the  heated  water  in  v,  tile 
stopcock  c  being  open.  Let  the  stopcock  c  be  then  closed, 
and  the  water  in  b  he  heated  to  a  higher  temperature,  the 
temperature  and  pressure  of  the  steam  in  a  being  observed. 
If  the  stopcock  r  be  now  opened,  the  steam  in  a  Viill  be 
immcdiiitcly  obstrrved  to  rise  to  the  more  elevated  temper- 
ature whieh  has  heen  imparted  to  tlic  water  in  a,  and  at  the 
same  time  it  will  ac<|uire  an  increased  pressure. 
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The  increase  of  teuipcrature  whicli  it  has  received  would 
of  ilsclf  produce  an  increased  pressure ;  but  that  this  is  not 
the  sole  cause  of  the  augmented  pressure  in  the  prescut  case 
might  bo  proved  by  weighing  the  vessel  a.  It  would  be 
found  to  have  increased  weight,  which  could  only  arise  from 
iu  having  received  froin  the  water  in  B  an  additional  quantity 
of  vapour.  Tlie  Jncreajiwl  pressure  therefore,  which  the  steam 
in  A  has  acquired,  is  due  conjointly  to  its  increased  density 
and  its  increased  temperature.  In  general,  if  the  water  in 
the  vessel  b  be  raised  or  lowered  in  temperature,  the  steam 
in  tliB  vessel  a  will  rise  and  fall  in  temperature  in  a  cor- 
responding manner,  always  having  the  same  temperature  as 
the  water  in  b.  If  the  weight  of  the  vessel  a  were  observed, 
it  would  be  found  to  increase  with  every  increase  of  temper- 
ature, and  to  diminish  mth  every  diminution  of  temperature, 
proving  that  the  augmented  temperature  of  the  water  in  b 
produces  an  augmented  density  of  the  steam  in  a.  The  same 
prcoBuro  would  be  found  always  to  correspond  to  the  same 
temperature  and  density,  so  that  if  the  numerical  aiuount  of 
any  one  of  the  three  quantities,  tlie  temperature,  the  pressure, 
or  the  densit)',  were  known,  the  other  two  must  necessarily 
be  determined,  the  same  temperature  always  coiresponding 
to  the  same  pressure,  and  vice  vend.  And  in  like  manner, 
steam  produced  under  tliese  circumstances  of  the  same  den- 
sity caimot  have  difl'erent  pressures.  It  must  be  observed 
that  the  steam  here  produced  receives  all  the  heat  u-hich  it 
possesses  from  the  water  from  which  it  is  raised.  Now  it  is 
easily  demonstrable,  that  this  is  the  least  quantity  of  heat 
which  is  compatible  with  the  steam  maintainiug  the  vaporous 
ibnn;  for  if  the  stopcock  c  be  closed  so  as  to  separate  the 
steam  in  a  from  the  water  in  b,  and  that  any  portion  of  heat, 
however  small,  be  then  abstracted  from  tJic  steam  in  a,  some 
portion  of  the  steam  will  he  reconverte<l  into  water. 

I'his  tlicu,  according  Co  the  definition  already  given,  is 
Common  Steam. 

(95.)  Let  MS  now  suppose  that  the  vessel  a,  being  in  com- 
munication with  the  vessel  b  by  the  open  stopcock,  has  been 
tilled  with  pure  steam  of  tuiy  given  temperature.  The  steam 
which  it  thus  contains  will  be  common  steam,  and,  as  has  been 
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sliown  (94.),  it  canDOt  loee  any  portion  of  licat,  however  nruJl, 
without  l>eing  partially  condensed;  but  let  the  stopcock  c  be 
closed,  and  lot  the  steam  in  a  be  then  exponed  to  nny  source 
of  heat  by  which  its  temperature  uiay  be  raised  any  requuwd 
number  of  degrees.  From  the  steam  thus  obtained  heat  may 
be  abstracted  without  producing  any  condensation ;  and  luch 
abstraction  of  heat  may  be  continued  without  pro<lucing  con- 
densation, until  tlie  steam  is  cooled  down  to  that  temperature 
at  which  it  was  raised  from  the  water  in  b,  when  the  stopcock 
c  was  opened.  Any  further  reduction  of  temperature  would 
be  attended  with  condensation. 

If  after  increasing  the  temperature  of  the  steam  in  a,  the 
stopcock  c  being  shut  so  as  to  render  it  superheated  ateatn, 
its  pressure  be  observed,  the  pressure  will  be  found  to  be 
Increased,  but  not  to  that  amount  which  it  would  have  bem 
increased  had  tlie  steam  in  a  been  raised  to  tlie  same  temper- 
ature by  heating  the  water  in  b  to  that  temperature,  and 
keeping  tlie  stopcock  open.  In  fact,  its  present  angmented 
pressure  will  be  due  only  to  Its  increased  temperature,  ahice 
ita  density  remains  unclianged.  But  if  in  these  circumstances 
the  stopcock  c  bo  suddenly  opened,  the  pressure  of  the  steam 
in  A  will  OS  suddenly  rise  to  that  pressure  wliich  in  common 
steam  corrcsj>onds  to  its  tcuiperature ;  and  if  tlie  rcsael  a 
wore  weighed,  it  would  be  found  to  have  increas.d  in  weight, 
p^o^'ing  that  the  steam  contained  in  it  has  receivt*d  increftaod 
density  by  an  increased  quantity  of  vapour  proceeding  from 
the  water  in  a.  In  fact,  by  opening  the  stopcock  the  steam 
which  was  before  superheated  steam,  tuis  become  conunon 
steam.  It  has  the  greatest  density  which  steam  of  that  tem- 
perature con  have ;  and  consequently,  tf  any  heat  be  abstracted 
from  it,  a  partial  condensation  will  ensue. 

To  render  these  general  principles  more  intelligible,  let  us 
sup|»ose  that  the  water  in  b  is  raised  to  the  temperature  of 
SIS'*,  the  stopcock  c  being  open ;  the  vessel  a  will  then  be 
filled  with  steam  of  the  same  temperature,  and  havii^  a 
pressure  of  15  lbs.  per  square  inch.  This  will  be  common 
steam.  If  the  stopcock  be  now  closed,  and  the  whole  appa- 
ratus be  exposed  to  the  temperature  of  2iS° ;  the  steam  in  a 
will  preserve  the  some  density,  but  its  pressure  will   be 
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increased  from  I5\bs.  to  a  Uttlu  more  than  IGlbs.  per  Btjuaro 
inch,  l^t  the  Rtopcwk  c  be  then  opened  and  while  the  tem- 
perature of  the  steam  in  a  shall  cuiitinuu  to  be  ^4^^,  tliu 
presRuro  will  suddenly  riae  from  i61bs,  to  about  iiGlbs.  per 
square  inch.  The  weight  of  the  eteara  in  a  will  be  at  the 
same  time  increased  in  the  same  proportion  of  16  to  26  as  its 
preasure.  The  steam  thus  produced  in  a  will  tlicn  be  coin- 
mon  steam,  and  any  abstraction  of  Heat  from  it  woidd  be 
attended  with  partial  condensatioa. 

(96.)  The  law,  according  to  wWch  the  pressure  of  elastic 
fluids  in  general,  wiiether  gases  or  vapours,  increases  with 
their  temperature,  was  simultaneously  discovered  by  Dalton 
and  Gay  Lussac.  If  the  pressure  which  the  gas  or  vapour 
would  have  at  the  temperature  of  melting  ice,  were  expressed 
by  10,000,  tlien  the  increase  of  pressure  which  it  would 
receive  for  every  degree  of  temperature  by  which  it  would  be 
rused,  its  volume  being  supposed  to  be  presen-ed,  would  be 
expressed  by  208j.  Thus,  if  the  pressure  of  gas,  or  vapour, 
on  a  suriacc  of  a  certain  magnitude  at  the  temperature  of  32" 
were  10,000  ounces,  then  the  some  gaa  or  vapour  would 
acquire  an  additional  pressure  of  208^  ounces  for  every 
degree  of  temperature  wliich  would  be  imparted  to  it  above 
S3!*.     This  law  is  common  to  all  gases  and  vapours. 

It  may  be  objected  that  water  canuot  exist  in  the  state  of 
vapour  under  the  usual  pressures  at  so  low  a  temperature  as 
melting  ice.  This,  however,  does  not  hinder  the  application 
of  the  above  law,  for  that  law  will  eqimlly  hold  good  by  com- 
puting  the  pressure  which  the  vapour  would  have  if  it  were  a 
penoanent  gas,  and  if  it  could  therefore  exist  in  tin*  elastic 
form  at  tliat  low  temperature. 

(97.)  Another  law,  common  to  all  elastic  fluids,  and  of 
equal  importance  with  the  former,  was  discovered  by  Ma- 
riotte.  By  this  law  it  appears  that  every  gas  or  vapour, 
so  long  as  its  temperature  is  luichanged,  will  have  a  pressure 
directly  proportional  to  its  density.  If  therefore,  while 
we  compress  steam  into  half  its  volume,  we  could  prc- 
;ierve  its  temperature  ujialtered,  we  should  increase  its 
rpremire  in  a  two-fold  proportion;  but  if  the  process  of 
compression    should    cause    its    temperature     to    increase, 
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then  its  increase  of  pressure  will  be  greater  tbau  iu 
increase  of  density,  since  it  will  be  due  conjointly  to  the 
increase  of  density  and  to  tlie  increase  of  temperature.  In 
this  case  the  increased  pressure  may  be  deduced  from  th© 
combined  application  of  tbe  two  laws  just  explained  ;  that  of 
Mariotte  will  determine  that  increase  of  pressure  which  is 
due  to  the  increase  of  density,  and  that  of  Dalton  and  Gay 
Lussac  will  determine  the  further  incre-ase  of  pressure  which 
will  be  due  to  the  increase  of  temperature.  The  full  inves- 
tigation of  these  dfects*  and  the  fonnuJie  expresuiig  Uiem, 
will  be  found  in  the  Appendix  to  this  volume. 

(98.)  The  fixed  relations  which  ejcist  between  the  tem- 
peratures of  common  Hteam  and  its  pressure  and  density, 
hare  never  been  discovered  from  any  general  physical  prin- 
ciples. Tfie  pressures  and  the  densities  however,  which 
eorretpond  to  a  great  variety  of  tcmperotiures  throughout  the 
thermometric  scale,  liave  been  ascertained  by  extensive  serin 
of  experiments  instituted  by  philosophers  of  this  and  other 
countries.  From  a  comparison  of  the  temperatures  and 
pressures  thus  found  by  cxperinjent,  emp^Tical  formuhc  have 
been  constructed,  which  exhibit,  with  an  approximation 
auilieiently  close  for  practice,  tliia  relation ;  and  Utese  for- 
mulae may  accordingly  be  used  for  the  computation  of  tablea 
exhibiting  the  pressures,  temperatures,  and  densities  of  com- 
mon steam ;  and  surh  tables  will  have  sufficient  numerical 
actumcy  for  all  practical  purposes.  These  fonnula>,  and  the 
tables  resulting  from  them,  will  be  found  in  the  Apj»cndix 
to  this  volume. 

(99.)  It  has  been  explained,  that  to  effect  the  conversion  of 
water  into  steam,  it  is  only  necessary  to  impart  to  it  as  much 
heal  as,  added  to  the  tempt'ralurc' which  it  has,  would,  if  it 
continued  in  the  liquid  form,  raise  it  to  the  u-mperaiure  of 
1212°.  This  condition  is  neccBaary,  and  sufficient  to  effect 
the  transition  of  water  into  vapour.  If,  for  example,  as  mueh 
heat  were  imparted  to  the  water  evaporated,  as  would  main- 
tain it  in  the  liquid  state  to  1300°,  then  tlie  steam  so  pro- 
duced would  be  superheated  Kteani.  having  80°  ni  heat  morr 
than  is  necessary'  to  maintain  it  in  the  vaporous  form.  From 
such  steam,  therefore,  80°  of  heat  may  l>e  abstracted  without 
producing  any  condensation. 
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(100.)  Common  steam  being  ndsed  from  water  at  any  pret- 
sure  and  temperature,  and  being  afterwards  separated  from  tlie 
water,  if  tlie  same  steam  be  compressed  into  a  small  volnrae, 
or  allowed  to  expand  into  a  greater  volume,  it  will  still  main- 
tain its  quality  of  common  steam,  and  will  have  the  same 
preMure  and  temperature,  whatever  volume  it  may  assume,  as 
it  would  have  if  immediately  raised  from  water  at  that  j>m8- 
sure.  Thus  if  steam  be  raised  from  water  under  a  pressure 
of  30  Iba.  per  sqmirc  Inch,  aiul,  beiug  separated  from  the 
water,  be  allowed  to  dilate,  imtil  its  pressure  is  reduced  to 
15  lbs.  per  square  inch,  its  temperatim)  will  then  be  reduced 
10  213**,  wliich  is  that  temperature  which  it  would  have  if 
immediately  raised  from  water  under  a  pressure  of  1 5  lbs, 
per  square  inch ;  and  if  any  heat  be  abstracted  from  such 
steam,  whether  under  its  origiiial  pressure,  or  under  the 
diminished  pressure  of  15  lbs.  per  square  inch,  a  condena* 
itioa  will  be  produced,  the  amount  of  wliich  will  be  the 
same,  if  tlie  same  quantitj'  of  heat  be  abstracted  from  the 
steam.  These  are  consequences  which  immediately  flow 
from  tlie  fact,  that  the  sum  of  tlie  latent  and  sensible  heats 
of  steam  is  always  the  some.* 

It  appears,  therefore,  tliat  supposing  the  steam  used  in  an 
engine  to  receive  no  additional  beat  after  it  leaves  the  boiler, 
however  it  may  be  changed  In  its  density  by  subsequent 
expansion,  it  will  still  retain  its  character  of  comniou  steam, 
and  cannot  lose  any  portion  of  heat,  however  small,  without 
suffering  partial  condensation.  The  mechanical  force  also 
exerted  by  such  steam,  after  expansion,  must  be  computed  in 
the  same  manner  as  if  it  were  raised  immediately. 

(101.)  If  tlie  law  of  Mariotte  were  strictly  applicable  to 
steam,  its  mechanical  effect  would  be  the  same  as  has  been 
already  explained  in  all  state-s  of  density ;  but  since  its  tem- 
perature will  rise  and  full  as  ila  dcusity  is  increased  or  di- 
minished, a  corresponding  change  will  be  produced  in  its 

'  These  effect*  are  expUinwl  in  my  Treatise  on  Heat ;  and  ihcy  have 
biely  been  vuriGcd  by  experiments  made  with  locomotive  enf^iiios  by 
VL  de  I'^bour,  who  found  that  thn  Kicnm  nised  from  ihc  hoilcr  of  a  lo- 
comotive engine,  under  u  prL-sburu  of  u))in-o  itO  lbs.  per  si|iiarc  inch,  wa» 
in  the  state  o(  ixtininun  Kteniii  us  it  ii^unl  from  the  chimney  nt  a  very 
dimintshiil  preutire  and  «I  a  lower  preMitre. 
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mcclionicol  efficncy.  It  is  therefore  necessary  in  the  calcala- 
tion  of  the  mechanical  effect  of  steam,  whetlier  it  be  u»ed  at 
a  uniform  pressure  without  the  principle  of  expansion,  or 
with  the  application  of  that  principle  to  any  given  cxtcntf 
to  take  into  account  the  combined  operation  of  the  lam 
of  Mariottf  and  Dallon.  Formula;  exhibiting  the  relation 
between  tite  temperatures,  pressures,  volumes,  and  densities 
of  steam,  and  the  mechanical  effect  produced  by  Uic  evapo- 
ration of  water,  whether  acting  with  or  without  expansion, 
together  with  tlie  tables  necessary  for  the  practical  application 
of  these,  will  be  found  in  the  Appendix. 

(102.)  One  of  the  methods  of  equalising  the  varj'ing  force  of 
expanding  steam,  would  be  to  work  it  at  the  same  time  in 
two  cylinders  coimected  with  tlie  same  beam  ;  so  thatwbflc  its 
force  in  one  would  bo  augmented,  its  forcu  in  the  other  would 
be  diminished,  tho  combination  of  the  two  producing  a 
unifonn  effect.  Soon  after  tho  expansive  principle  was  pro- 
mulged  by  Mr.  Watt,  this  expedient  was  accordingly  resorted 
to  by  an  engineer  named  Honiblowcr. 

In   tlie  year  1781,  Homblower  conceived  the  notion  of 

working  an  engine  with  two 
cylinders  of  different  siKes, 
by  allownng  tlic  steam  to 
flow  freely  from  the  boiler 
until  it  fills  tlie  smaller  cy- 
linder, and  then  permitting 
it  to  expand  ijito  the  greater 
one,  employing  it  thus  to 
press  down  two  pistons  in 
the  following  manner. 

L«t  c,  Jig.  30.,  be  the 
centre  of  tlie  great  working- 
beam,  canying  two  arch 
\t  heads,  on  which  the  chains 
of  the  pistou  rods  play. 
The  distances  of  these  arch 
heads  from  the  centre  c  must 
be  in  the  same  proportiou  as  the  length  of  the  cylinders,  in 
order  titat  the  same  play   of  tlie  beam  may  eorrespuud  to 
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th?  plajs  of  both  pistons.  J^t  f  bo  the  steam-pipe  from  tlic 
boiler,  and  o  a  valvo  to  admit  ihc  steam  above  tlic:  Wstier 
puun.  H  is  a  tube  by  which  a  communication  may  be 
opened  by  the  valve  t,  between  the  top  and  bottom  of  the 
letter  cylinder  b.  k  is  a  tube  communicating  by  the  valve 
L,  between  the  bottom  of  the  lesser  cylinder  b  and  the  top 
oTthc  greater  cylinder  A.  H  is  a  tube  coiiuuimicating,  by  tlie 
tilve  s,  between  the  top  and  bottom  of  tlie  greater  cylinder 
A;  BDil  P  a  tube  leading  to  tlie  condenser  by  Uie  exhaust- 
ing valve  o. 

At  Uic  commencement  of  the  operation,  suppose  ail  the 
Tiires  opened,  and  steam  allowed  to  flow  through  the  engine 
HBlil  the  air  be  completely  exptlk-d,  and   Uien  let  all  tlie 
nlrei  be  closed.     To  start  the  engine,  let  the  exhausting 
nire  0  and  the  stearo  valves  o  and  l  be  opened,  as  in^.  SO, 
Tha  steam  will  flow  freely  from  the  boiler,  and  press  ujion 
th*  lesser  piston^  and  at  the  same  time  the  steam  below  tlie 
greater  piston  wHl  flow  into  tlie  condenser,  leading  a  vacuum 
in  the  greater  cylinder.     The  valve  l   being  opened,   tlie 
Uma  which  is  under  the  piston  In  the  lesst-r  cylinder  will 
flow  through  K,  and  press  on  the  greater  piston,  which,  ha\ing 
» vacuum  bcncatli  it,  will  consequently  descend.     At  tlie 
coDuocncemeut  of  the  motion,  the  lesser  piston  is  as  much 
leaned  by  the  steam  below  it,  as  it  is  urged  by  the  steam  above 
it;  but  after  a  part  of  Lhe  descent  has  been  eflected,  the  steam 
below  the  piston,    in  the  lesser  cylinder,  passing  into    the 
greater,  expands  into  an  increased  space,  and  therefore  loses 
part  of  its  elastic  force.     The  steajn  above  tlie  lesser  piston 
retaining  its  full  force  by  liaving  a  free  communication  with 
the  boiler  by  the  valve  o,  the  lesser  piston  will  be  urged  by 
»  force  equal  to   the  excess  of  the  pressure  of  this  steam 
iboTo  the  diminished  pressure  of  the  expanded  steam  below 
iL    As  the   pistons  descend,   the  steam  which  is    between 
ihem  is  continually  uicreasing  in  its  buJk,  and  therefore  de- 
creasing in  its  pressure,  from  whence  it  follows,  that  the 
force  which  resists  tJie  lesser  piston  is  continually  dtjcrcasing, 
while  that  which  presses  it  down  remains  the  same,  and  there- 
fore the  eflTectivc  force  which  impels  it  must  bo  continually 
increofliug. 
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On  the  other  hand,  tho  force  which  urges  the  jfreater  pistoit 
is  continually  decreasing',  since  there  is  a  vacuuui  below  it, 
aitd  the  steam  which  presses  It  is  continually  expanding  into 
an  increased  bulk. 

impelled  in  thijt  way.  let  lui  suppose  the  pistons  to  have 
arrived  at  the  bottoms  of  the  cylinders,  and  let  tJie  valves 

n,  L,  and  o,  be  closed*  and  the 
valves  I  and  N  opened.  No  stcatn 
is  allowed  to  How  from  tlie  boiltfft 
o  being  closed,  nor  any  allowed  to 
pass  into  the  condenser,  since  o  i« 
clnst-d,  and  all  comnitmication  he^ 
tween  the  cylinders  is  stopped  by 
closing  L.  By  opening  the  valve  i, 
a  free  communication  is  made  between  the  top  and  boltum 
of  the  lesser  piston  through  the  tube  h,  so  that  the  steam 
which  presses  above  the  lesser  piston  will  exert  the  sarne 
pressure  below  it,  and  the  piston  is  in  a  state  of  indifierenre. 
In  the  same  manner  the  valve  n  beuig  open,  a  free  com- 
niunicfltion  is  made  between  the  top  and  bottom  of  tl 
greater  piston,  and  the  steam  circulates  above  and  below  Cl 
piston,  and  leaves  it  free  to  rise.  A  counterpoise  attached  to 
the  pump-rods,  in  this  case,  draws  up  tlie  piston,  as  in  Watt'a 
single  engine ;  and  when  they  arrive  at  the  top,  the  valvea  i 
and  N  are  closed,  and  o,  L,  and  o,  opened,  and  the  next 
descent  of  the  pistons  is  produced  in  the  manner  already 
described,  and  m)  the  process  is  continued. 

The  valves  arc  worked  by  the  engine  itself,  by  meaiu 
similar  to  some  of  those  already  described.  Hy  computation, 
we  find  the  power  of  this  engine  tg  be  nearly  the  same  as  a 
similar  engine  on  Watt's  expansive  principle.  It  does  Hot, 
however,  appear,  that  any  adequate  advantage  was  gained  by 
tin's  modification  of  the  principle,  since  no  engines  of  this  con- 
struction are  now  made. 

( 1 03.)  The  use  of  two  cylinders  was  revived  by  Artlmr  Wtjolf 
in  1801-,who,  in  this  and  the  succeeding  year,  obtained  pntcnta 
for  the  application  of  steam  raised  under  a  high  pR'nsiirc  to 
double-cylinder  engines.  The  specification  of  his  patent 
states,  that  he  has  proved  by  experiment  that  stoam  nuaed^ 


WOOLr  S    EXGINC 


17 


flBthe 


mdcr  a  ititfety-valre  loaded  irtUa  anr  |tH«a 
upon  the  square  inch  will,  if  allowed  to  cz^ 
times  its  hulk  as  cheiv  arc  pouoda  of  fnai 
inch,  have  a  prr.ssure  equal  to  that  of  tltt. 
if  the  safety-valre  be  loaded  with  foor  powDilt  •■  the  mfrntK 
inch,  the  stearo,  ailer  expancting  into  fau'  tnMs  ita  baft,  wiQ 
have  the  Atmospheric  prepare  ;  if  it  be  k»ded  with  ^  6,  or 
10  lbs.  on  the  square  inch,  it  will  hare  the  wtmatfhent 
pressure  when  it  ha.i  expanded  into  5,  6^  cr  10  tinea 
ita  bulk,  and  so  un.  It  wai^  however,  — *>— ^"■■''  ia  (h» 
case,  that  the  natel  into  which  it  waa  allowed  to  expand 
should  have  the  same  tempcfBtore  aa  the  aieaa  beiin  it 
Dxpanda. 

It  ia  very  unaccountable  bow  a  penon  of  Mr.  WootTa 
experience  in  the  practical  application  of  Aeam  eoold  be  fed 
into  errors  so  gross  as  thoae  inrolred  in  the  arcnBenti  of  thia 
jMtent ;  and  it  is  still  more  unaceountable  how  the  experi- 
ments could  have  been  conducted  which  led  him  to  oooduMona 
not  only  incoiiiitatiblc  mth  all  the  est^ifidied  properties  of 
elastic  fluids,  but  even  invohring  in  thenuelrei  palpable  coo- 
txadidiiui  and  absuntity.  If  it  were  admitted  that  ertrrr  ad- 
*tirinfwl  pound  avoirdupois  which  should  be  placed  upon  the 
safety-valve  would  enable  steam,  l^y  ita  expaanan  into  a  pro- 
portionally enlarj^ed  space,  tn  attAin  a  pressure  equal  to  the 
atmosphere,  the  obvious  consequence  would  be,  that  a  phy- 
sical relation  would  subsist  between  the  atmo^heric  pressure 
and  the  jmund  avoirdupois!  It  is  wonderful  that  it  did  nut 
/Kcur  to  Mr.  Woolf,  that,  granting  his  principle  to  be  true 
at  any  given  place,  it  would  necessarily  be  false  at  another 
place,  where  the  barometer  would  stand  at  a  dificreut  height! 
Thus,  if  the  principle  were  true  at  the  foot  of  a  mountain,  it 
would  be  false  at  the  top  of  it ;  and  if  it  were  true  in  fair 
weather,  it  would  be  false  in  foul  weather,  since  these  circum- 
stances would  he  attended  by  a  cliange  in  the  atmospheric 
pressure,  without  making  any  change  in  the  pound  avoir- 
dupois.* 

•  It  i?  strange  that  this  nbBurtlity  hiw  been  rcpeatcdlj"  pren  b»  unqtic*- 
tiorwlile  fiict  in  vBrmu«  cin-yclopnwlias.  us  well  as  in  by  far  llit-  ):riaac/ 
ninnbcr  of  trcniiM-n  fXfirfMly  on  the  sutiject. 
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(104.)  For  scleral  years  after  the  extension  of  Watt's  first 
patent  had  been  obtained  from  parliament,  he  inui  altogether 
engrossed  by  the  labour  of  bringing  to  perfection  ibe  appU- 
cation  of  the  steam-engine  to  the  drainage  of  mines,  and  in 
surmounting  tlie  numerous  difficulties  which  presented  them- 
selres  to  itd  general  adoption,  even  af\er  its  manifold  adran- 
tages  were  established  and  admitted.  When,  howercr,  tlicae 
obstacles  had  been  overcome,  and  the  works  for  the  mana- 
facture  of  engines  for  pumping  water,  at  Soho,  had  been 
organised  ajid  brought  into  active  operation,  he  was  relieved 
from  the  pressure  of  these  anxieties,  and  was  enabled  to  turn 
his  attention  to  the  far  more  extensive  and  important  uses  of 
which  he  liad  long  been  impressed  mth  tlie  conviction  that 
the  engine  was  capable.  His  sagacious  mind  enabled  him  to 
perceive  that  the  machine  he  had  created  was  an  infant  force, 
wliich  by  the  fostering  influence  of  his  on'n  genius  would  one 
day  extend  itA  vast  power  over  the  arts  and  manufactures, 
the  commerce  and  the  civilisation  of  the  world.  Filled  with 
such  aspirations,  he  addressed  his  attention  about  the  year 
1779,  to  the  adaptation  of  the  steam -<'ngine  to  move  machi- 
nery, and  thereby  to  su{)ersede  animal  power,  and  the  natural 
Agents,  wind  and  water. 

The  idea  tliat  steam  wa^i  capable  of  being  applied  ex- 
tensively M  a  prime  mover,  had  prc^idled  from  a  Ten 
early  period;  and  now  that  wc  have  seen  its  powers  so  cxten- 
aivcly  brought  to  bear,  it  will  not  be  uninteresting  to  revert 
to  the  faint  traces  by  which  its  agency  was  sketched  in  the 
crude  spectilations  of  the  early  mechanical  inventors. 

(\05,)  Papiu,  to  whom  the  credit  of  discovering  the  method 
of  producing  a  vacuum  by  the  condensation  of  steam  is  due,  wa* 
tlie  earliest  and  most  remarkable  of  those  projectors.  With 
very  limited  powers  of  practical  application,  he  was,  never^ 
thcless,  peculiarly  happy  in  hia  mcclianical  conceptions ;  and 
had  his  experience  and  opportunities  been  proportionate  to 
the  clearsighted  character  of  his  mind,  be  would  doubtleas 
have  anticipated  some  of  the  most  memorable  of  hb  suc- 
ceiaors  in  the  progressive  improvement  of  tlie  steam  engine. 

In  his  work  already  cited,  after  describing  his  method  of 
imparting  an  alternate  motion  tn  a  piston  by  the  atmospheric 
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presstire  acting:  against  a  Tacuum  produced  bjr  the  condens- 
f-tdoD  of  steam,  he  stated  that  his  inTcntion,  besides  being 
applicable  to  pumpin^r  water,  could  be  available  for  rowing 
t-e«seU  against  wind  and  tide,  which  he  proposed  to  accom- 
plish in  the  following  manner. 

Paddle-wheels,  such    as  have    since   been    bronght   into 
general  use,  were  to  be  placed  at  the  sides,  and  attached  to 
a  shaft  extending  across  the  vessel.     Within  the  vessel,  and 
under    this   shaft,    he    proposed    to  place    several    cylinder* 
lupplied  with   pistons,   to  be    worked  by  the  atmospheric 
preastire.     On  the  piston-rods  were  to  be  constructed  rack* 
rumiahed  with  teeth  :   these  teeth  were  to  work  in  the  teeth 
of  wheels  or  pinions,  placed  on  the   shaft  of  the  paddle- 
wheels.      These  pinions  were  not  to  be  fixed  on  the  shaft, 
but  to  be  connected  with  it  by  a  ratchet ;  so  that  when  they 
turned   in  one  direction,  they  would  revolve  without  causing 
the  shaft  to  revolve ;  but  when  driven  in  the  other  direction, 
the  catch  of  the  ratchet-wheel  would  act  upon  the  shaft  so 
OS  to  compel  the  shaft  and  paddle-wheels  to  revolve  with  the 
motion  of  the  pinion  or  wheel  npon  it.    By  this  arrangement, 
whenever  the  piston  of  any  cylinder  was  forced  down  by  the 
atmospheric  pressure,  the  rack   descending  would  cause   tlie 
corresponding  pinion  of  the  paddle-shaft  to  revolve ;  and  the 
catch  of  the  ratchet  wheel,  being  thus  in  operation,  would 
cause  the  paddle-shaft  and  paddle-wheels  also  to  revolve ;  but 
whenever  tlie  piston  would  rise,  the  rack  driving  the  pinion 
in    the   opposite  direction,    the    catch    of  the    ratchet  wheel 
■would   merely  fall  from  tooth  to  tooth,  without  driving  the 
paddle-shaft. 

It  is  evident  that  by  such  an  arrangement  a  single  cylinder 
and  piston  would  give  an  intermitting  motion  to  the  paddle- 
shaft,  the  motion  of  the  wheel  l>eing  continued  only  during 
the  descent  of  the  piston  ;  but  if  several  cylinders  were  pro- 
vided, then  their  motion  might  be  so  managed,  that  when  one 
nuuld  be  pcrfonning  its  ascending  stroke,  and  therefore 
^ving  no  motion  to  the  paddle-shaft,  another  should  be  pcr- 
furniing  its  descending  stroke,  and  therefore  driving  the 
paddle-Ahaft.  As  the  inter\'al  between  the  arrival  of  the 
piston  at  the  bottom  of  the  cylinder  and  the  commencement 
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of  its  next  descent  would  hare  been,  in  the  imperfect  macKinr 
conceivtifl  by  Papin,much  longer  than  the  time  of  the  descent, 
il  was  evident  thai  more  than  two  cylinders  would  be  nccc*- 
saiy  to  insure  a  constantly  acting  force  on  the  paddle-shaft, 
and,  accordingly,  Papin  proposed  to  use  several  cylinden. 

In  addition  to  tliis,  Papin  proposed  to  construct  a  l>ntlcr 
having  a  fireplace  surrounded  on  every  side  by  water,  so  tltat 
the  heat  might  Im?  im]>&rted  to  the  water  with  such  increased 
rapidity  aa  to  enable  the  piston  to  make  four  strc^ea  per 
minute.  These  projects  were  proniuiged  in  IG90,  but  it 
does  not  appear  tlwt  they  were  ever  reduced  to  experiment. 

(lOG.)  Savei^' proposefl,  in  his  original  patent,  in  1698.  to 
apply  his  steam  engine  as  a  general  prime  mover  for  all  Mirts 
of  macliinery,  by  causing  it  to  raise  water  to  make  an  artifictal 
fall,  by  which  overshot  water-wheels  might  be  driven.  Thia 
proposal  was  not  acted  <fn  during  the  lifetime  of  Snvery,  but 
it  was  at  a  subsetjuent  pi-riud  partially  carrii'd  into  effect. 
Mr.  Joshua  Rigley  erected  s<-veral  steam  engines  on  tliis  prin- 
ciple at  Manchester,  and  other  parts  of  Lancashire,  to  impel 
the  machinerv  of  some  of  the  earliest  manufactories  and  cotton 
mills  in  that  district.  The  engines  usually  raised  tlic  water 
from  sixteen  to  twenty  feet  high,  from  whence  it  was  con* 
veyed  to  an  overshot  wheel,  to  which  it  gave  motion.  The 
same  water  waa  repeatedly  elevated  by  the  engine,  so  that  nu 
other  supply  was  necessary,  save  what  was  sufficient  to  make 
good  the  waste.  These  engines  continued  in  use  for  some 
years,  until  sujwrseded  by  improved  machines.* 

(107.)  In  \1SG,  Jonathan  Hulls  obtained  a  patent  for  a  mv' 
thfltl  of  tonnng  ships  into  or  out  of  harbour  against  wind  and 
tide.  This  method  was  little  more  than  a  reWval  of  that  pn>' 
(KMted  by  Papiii  in  UilM).  Tlie  motion,  however,  was  to  be  cum- 
municati-d  to  the  pnddle-shaft  by  a  rope  passing  over  a  pulley 
6xed  on  an  axis,  and  was  to  l>e  maintained  during  the  rvtuiiH 
ing  stnike  of  the  piston  by  the  descent  of  a  weight  which  wm 
elevBted  during  the  descending  stroke.  There  is  no  record, 
however,  of  tliis  plan,  any  more  than  that  of  Papin,  ever  having 
Ikcu  reduce<l  to  experiment. 

(108.)   During  t\\e  early  part  of  the  last  century  the  nuinu* 

*  Farcy,  TreatiM;  <hi  dw  fteeam  Rngine,  p.  It9. 
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factures  of  this  country  had  not  attained  to  such  an  extent  as 
to  render  the  moving  power  supplied  by  water  iiisufiicient  or 
tuicertiiin  to  any  inconvenient  degree ;  aiid  accordingly  mills, 
and  other  works  iu  which  machinery  required  to  be  driven  by  a 
moving  power,  were  usually  built  along  the  streams  of  rivens. 
About  the  year  I75()  the  general  extension  of  manufactures, 
and  their  establishment  in  localitieswhere  water  power  was  not 
accessible,, called  the  steam  engine  into  more  extensive  opcr- 
■tion.  In  the  year  1752,  Mr.  Champion,  of  Bristol,  applied 
tlie  atmos]>heric  engine  to  raise  water,  by  which  a  number  of 
owvrshot  wheels  were  driven.  Tliese  were  appKed  to  move 
extensive  brasa-worka  in  that  neighbourhood,  and  this  appli- 
cation w*ns  continued  for  about  twenty  years,  but  ultimately 
given  up  on  account  of  the  expense  of  fuel  and  the  improved 
applications  of  the  steam  engine. 

About  tliis  time  Sfneaton  applied  himself  with  great 
acfchrity  and  success  to  the  improvement  of  wind  and  water 
mills,  and  succeeded  in  augmenting  their  useful  effect  in  a 
twofold  proportion  with  tlie  same  supply  of  water.  From  the 
year  IToO  until  the  year  1780  he  was  engaged  in  the  con- 
struction of  his  improved  water  mills,  which  he  erected  in 
rarious  parts  of  the  country,  and  which  were  imitated  so  ex- 
tensively thai  the  improvement  of  siich  mills  became  general. 
In  osea  where  a  summer  drought  suspended  the  supply  of 
water,  horse  machinery  was  provided,  either  to  work  the  miU 
or  to  throw  back  the  water.  Tliesc  iniproveiuents  necessarily 
obstructed  for  a  time  the  extension  of  steam  power  to  mill 
work;  but  the  increase  of  manufactures  soon  created  a  de- 
mand for  power  greatly  exceeding  what  could  be  supplied  by 
such  limited  means. 

In  the  manufacture  of  iron,  it  is  of  great  importance  to 
keep  tlie  furnaces  continually  blown,  so  that  tlie  heat  may 
never  be  abated  by  day  or  night.  In  the  extensive  iron- 
works at  Colebrook  Dale,  several  water-wheels  were  used  in 
the  diiferent  nperaticms  of  the  manufacture;  of  iron,  especially 
in  driving  tlie  blowers  of  the  iron  ftunaces.  Tliese  wheels 
were  usually  driven  by  the  water  of  a  river,  but  iu  the  summer 
niuutlis  the  supply  became  so  short  tliat  it  was  inKnlficient  to 
work  them  all.     Steam  engines  were  accordingly  erected  to 
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return  the  water  for  driving  these  wheels.  This  appUcatiun 
of  tlic  engine  oa  lui  occasional  j>uwer  for  the  supply  of  wnltT- 
wheels  having  been  found  so  elfectual,  rctuniing  engines  were 
soun  adopted  as  the  pcnnanent  and  regular  means  of  supplying 
MTater-wheels.  The  first  attempt  of  this  kind  is  recorded  to 
have  been  made  by  Mr.  Oxley,  in  1762,  who  constructed  a 
machine  to  draw  coals  out  of  a  pit  at  Hartley  colliery,  in 
Nurtltmnberlaud.  It  was  originally  iuteadcd  to  turn  the 
macliine  by  a  continuous  circular  motion  received  from  the 
beam  of  the  engine ;  but  that  method  not  being  succesafuli 
the  engine  was  applied  to  raise  water  for  a  wheel  by  which  iho 
machine  was  worked.  This  engine  was  continued  in  usp 
several  years,  and  though  it  was  at  length  abandoned,  on 
count  of  its  defective  construction,  it  nevertheless  established 
the  practicability  of  uaing  steam  power  as  a  means  of  drivii^ 
water  whtwls.*  • 

(109.)  In  the  year  1777,  Mr.  John  Stewart  read  a  paper  before 
the  Royal  Society,  describing  a  metliod  for  obtAiiiing  a  conti- 
nued circular  motion  for  turning  all  kinds  of  mills  from  the 
reciprocating  motion  of  a  steam  engine.  Ue  proposed  to  accom- 
plish this  by  means  of  two  endlcm  chains  passing  over  puUcya, 
wliich  should  be  moved  upwards  and  downwards  by  tho 
motion  of  tlic  engine,  in  tho  numner  of  a  window  sash.  The 
joint  pins  of  the  links  of  the  two  chains  worked  in  toelfa  At 
the  opposite  sides  of  a  cog  wheel,  to  wliich  tliey  imported  ■ 
circular  motion,  first  by  one  chain,  and  then  by  the  other, 
acting  alternately  on  oppoaito  iddes  of  the  wliecl.  One  chain 
impelled  it  during  the  descent  of  the  piston,  and  tiie  other 
during  the  ascent;  but  one  of  tliese  cliains  always  paued  over 
its  pulleys  so  as  to  produce  no  effect  on  one  filde  of  tlie  cog 
wheel,  whilst  the  otlicr  cliain  worked  on  the  opposite  aide  to 
turn  it  round.  For  tliia  purpose  each  chain  was  providM 
with  a  catch,  to  prevent  its  circulating  over  its  pulleys  in  one 
direction,  but  to  allow  it  frc«  motion  in  tlie  other.  The  cog 
wheel  thus  kept  in  revolution  might  be  applied  to  tho  axis  of 
any  mill  which  the  engine  was  required  to  work.  Tlius,  if  it 
Wrrt^  applied  to  a  flour-mill,  the  millstone  itself  would  per- 
form the  office  of  a  fly-wheel  to  regtdate  the  intermiaaion  of 

*  FuT}  on  the  Slcain  Engine,  p.  £07, 
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the  power,  and  in  other  mills  a  fly-wheel  might  be  added 
for  this  purpose. 

The  hints  obtained  by  Mr.  Stewart  from  Papin'a  contriv- 
ance, before  meiitionetl,  will  not  fail  to  be  perceived.  In 
Mr.  Stewart's  paper  he  notices  indirectly  the  method  of  obtain- 
Uig  a  continued  circular  motion  from  a  reciprocating*  motion 
by  means  of  a  crank  or  \v4nch,  wliich,  he  says,  occurs  naturally 
in  theory,  but  in  practice  would  be  impossible,  from  the 
nature  of  the  motion  of  the  engine,  which  depends  on  the 
force  of  tltc  steam,  and  cannot  be  ascertained  in  its  length. 
Therefore,  on  the  first  variation,  the  machine  would  be  either 
broken  in  pieces  or  turned  back.  Such  an  opinion,  pro- 
nounced by  a  man  of  considerable  mechanical  knowledge  and 
ingcnui^,  against  a  contrivance  which,  as  will  presently  ap- 
pear, proved  in  practice,  not  leas  than  in  tlieory,  to  be  the 
most  effectual  means  of  accomphshing  the  end  here  pro- 
nounced to  be  impossible,  is  sufficiently  remarkable.  It 
-Slight  cast  some  doubt  on  the  extent  of  Mr.  Stewart's  practi- 
knowledge,  if  it  did  not  happen  to  be  in  accordance  *vith 
a  judgment  so  generally  unimpeachable  as  that  of  Mr. 
Snieaton.  This  paper  of  Mr.  Stewart's  was  referred  by  the 
council  of  tlie  Koyal  Society  to  Mr.  Smcatoii,  who  remarked 
upon  the  difficulty  arising  from  the  absolute  stopping  of  the 
whole  mass  of  moving  power,  whenever  the  direction  of  the 
motion  is  changed ;  and  observed,  that  although  a  fly-wheel 
might  be  applied  to  reguUt*  the  motion,  it  must  be  such  a 
large  one  as  would  not  be  readily  controlled  by  the  engine 
itself;  and  he  considered  that  the  use  of  such  a  fiy-wheel 
would  be  a  greater  incumbrance  to  a  mill  than  a  water-wheel 
to  be  supplied  by  water  pumped  up  by  the  engine.  This  en- 
^eer,  illustrious  as  he  was,  uot  only  fell  into  the  error  of 
Mf,  Stewart  in  respect  of  the  crank,  but  committed  the 
furtlier  blunder  of  condemning  the  verj'  expedient  which  has 
since  rendered  the  crank  effectual.  It  will  presently  appear 
that  the  combination  of  the  crank  and  fly-wheel  have  been  the 
chief  means  of  establisliing  the  duioiuiou  of  the  steam  engine 
over  manufactures. 

(110.)  In  1779,  Mr.  Matthew  Wasbrough,  an  engineer  at 
Bristol,  took  out  a  patent  for  the  application  of  a  steam  engine 
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in  produce  a  continuous  circular  motion  by  nieRnii  of  ratcbel 
wheels,  iiimilar  to  thoHc'  |ircviously  uticd  by  Mr.  Oxlcvt  at 
Hartley  colliery  ;  to  which,  however,  Mr.  Wasbrough  added 
a  fly-wbecl  tu  maiutain  taid  regulate  the  motion.  Several 
machines  were  constnicted  under  this  patent ;  and  among 
others,  one  was  vn.-ctcd  at  Mr.  Taylor's  »aw-ntilU  and  block 
manufactory  at  Southampton.  Id  1780,  one  wu  erecled  al 
Binninghain,  where  the  ratchet  work  was  found  to  be  subject 
to  such  objections,  that  one  of  the  persons  about  the  work* 
substituted  for  it  the  simple  crank,  which  haa  since  been  in- 
variably used.  A  patent  was  taken  out  for  this  applicatioD 
of  the  crauk  in  the  same  year,  by  Mr.  James  Piekanl,  of 
Birmingham.  It  will  presently  appear,  however,  that  tbo 
si^f^estion  of  ll»is  application  of  tJie  crank  was  derived  from 
the  proceedings  of  Watt>  who  was  at  the  some  time  engaged 
in  similar  experiments. 

(III.)  Tlie  single-4cting  steam  engine,  as  constructed  by 
Watt,  was  not  adapted  to  produce  continuous  uniform  motion 
of  rotation,  for  the  following  reasons :  — 

Firxt.  The  clTect  required  was  tlmt  of  an  uniformly  acting 
force.  The  steam  engine,  on  tlie  other  hand,  suppUed  an  int<'r- 
mitting  force.  Its  operation  was  continued  during  the  de- 
scending motion  of  the  piston,  but  it  was  suspended  during 
the  ascent  of  the  piston.  To  produce  the  continued  effect 
now  required,  either  its  principle  of  oj>eration  should  lie 
altere<l,  or  some  expedient  should  be  devised  for  maintaining 
the  nwtion  of  the  revolving  shaft  during  llie  ascent  of  tlw 
piston,  and  the  consequent  suspension  of  the  moving  power. 

Secvmliy.  The  action  of  the  steam  engine  was  rectilinear. 
It  was  a  jMwer  wliich  acted  in  a  straight  line,  viz.,  in  the  di- 
rection of  the  cylinder.  Tlie  motion,  however,  required  to  be 
produced,  was  a  circular  motion — a  motion  of  rotation  around 
tlie  axis  or  shaft  of  the  mill. 

The  steps  by  wliich  Watt  proceeded  to  accomplish  these 
objects  have  been  recorded  by  himself  as  follows,  in  his  notes 
upon  Dr.  llobison's  article  on  the  steam  engine :  —> 

"  I  hod  very  early  turned  my  mind  lo  tlie  producing  o£ 
continued  motion  round  an  axis;  and  it  will  be  seen,  by  rr- 
CiTeiicu  to  Diy  first  specification  in  I7(ii>,  tliul  I  there  described 
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a  steam  wlicolt  moved  by  the  force  of  steam,  actii^  in  a  cir- 
cular channel  against  a  valve  on  one  side,  and  against  a 
column  of  mercury,  or  some  other  fluid  metal,  on  the  other 
aide.  This  was  executed  ujKin  a  scale  of  about  six  feet 
diameter  at  Soho,  and  worked  repeatedly,  but  was  given 
up,  as  several  practical  objections  were  found  lo  operate 
■gainst  it;  similar  objections  lay  against  other  rotative  en- 
gine»,  which  had  been  contrived  by  myself  and  others,  as  well 
«s  to  the  engines  producing  rotatory  motions  b^  means  of 
ratchet  wheels. 

"  Having  made  my  single  reciprocating  engines  very  regular 
ill  their  movements,  I  considered  bow  to  produce  rotative  mo- 
tions from  them  in  the  best  manner ;  and  amungst  variuus 
schemes  which  were  subjected  to  trial,  or  which  passed 
through  my  mind,  nunc  appeared  so  likely  to  answer  llie  pur- 
pose as  the  application  of  the  crank,  in  the  manner  of  the 
common  turning  lathe  ;  but  as  the  rotative  motion  is  produced 
in  that  miwrhine  by  impulse  given  to  the  crank  in  the  descent 
of  the  foot  only,  it  requires  to  be  continued  in  its  ascent  by 
the  energy  of  the  wheel,  which  acts  as  a  fly  ;  being  unwilling 
tit  load  my  engine  with  a  fly-wheel  hea^y  enough  to  continue 
the  motion  diunng  the  ascent  of  the  piston  for  with  a  fly- 
wheel heavy  enough  to  equalise  the  motion,  even  if  a  coun- 
terweight were  empluyed  to  act  during  that  ascent),  I  proposed 
to  employ  two  engines,  acting  upon  two  cranks  fixed  on  the 
ic  axis,  at  an  angle  of  130°  to  one  another,  and  a  weight 
placed  upon  the  circimiference  of  the  fly-wheel  at  tlie  same 
angle  to  each  of  the  cranks,  by  which  means  the  motion 
might  be  rendered  nearly  equal,  and  oiJy  a  very  light  fly- 
wheel would  be  requisite. 

"  This  had  occurred  to  me  very  early  ;  but  my  attention 
being  fully  employed  in  making  and  erecting  engines  fur 
raising  water,  it  remained  in  petto  until  about  the  year  1778 
or  1789,  when  Mr.  Wasbrough  erected  one  of  his  ratchet- 
wheel  engines  at  Hirmingham,  the  frequent  breakages  and 
irregularities  of  wliich  i-ecalled  the  subject  to  my  mind,  and 
I  proceeded  to  make  a  model  of  my  method,  which  answered 
my  expectations ;  but  hanng  neglected  to  take  out  a  patent, 
the  invention  was  communicated  by  a  wurknian  employed  to 
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make  the  model,  to  some  uf  the  people  about  Mr.  Wi 
brough's  engine,  und  a  patent  was  token  out  by  tliem  fur  thr 
application  of  the  crank  to  sle-nm  engines.  This  fact  the  said 
workman  confessed,  oud  the  engineer  who  dirveted  the  worki 
acknowledged  it ;  but  said,  nevertheless,  that  the  same  idea 
had  occurred  to  him  prior  to  his  hearing  of  mine,  and  that  he 
had  even  made  a  model  of  it  before  tliat  time;  which  might 
be  a  fact,  as  the  application  to  a  single  crank  was  sufficiently 
obvious. 

"  In  these  circumstances,  I  tliought  it  better  to  endeavour 
to  accomplish  tlie  same  end  by  otlier  mcan.1,  tlian  lo  cuter 
into  litigation  ;  and  if  successful,  by  demolishing  tlie  patent, 
to  lay  the  matter  open  to  every  body.  Accordingly,  in  I78l» 
I  invented  and  took  out  a  patent  for  several  methods  of  pro- 
ducing rotative  motions  &om  reciprocatijig  ones ;  amongst 
which  was  the  method  of  the  suu-aiid-planet  wheels.  This 
contrivance  was  applied  to  many  engines,  and  possesses  the 
great  advantage  uf  giving  a  double  velocity  to  tlie  fly-wheel ; 
but  is  perhaps  more  subject  to  wear,  and  to  be  broken  under 
great  strains,  tlian  a  simple  crank,  which  is  now  more  com> 
uionly  used,  although  it  requires  a  fly-wheel  of  four  times  the 
weight,  if  fixed  upon  the  first  axis ;  my  application  of  the 
double  engine  to  these  rotative  machines  reudenrd  the  coun- 
terweight unnecessary,  and  produced  a  more  regular  motion.'* 

(1 12.)  Watt's  second  patent  here  referred  to,  was  dated  25tfa 
October,  1781,  and  was  entitled  "A  patent  fur  certAiu 
new  methods  of  applying  the  vibrating  or  reciprocating 
motions  of  steam  ur  tire  engines  to  produce  a  continued 
rotative  ur  circular  motion  round  au  axis  ur  centre,  and 
thereby  to  give  motion  to  the  wheels  of  mills  ond  otlier 
machines." 

Alt  the  meiliods  specified  in  this  patent  were  intended  to 
be  worked  by  tlie  single-acting  engine,  already  described,  a 
counterweight  being  applied  to  imp(>l  the  machinery'  during* 
the  returning  stroke  of  the  engine,  which  weight  would  be 
elevated  during  the  descent  of  the  piston.  There  were  five  dif- 
ferent expLiUeiits  proposed  in  the  specification  for  pruduciny 
a  rotatory  motion ;  but,  of  tliese  five,  two  only  were  e^'er  a{H 
plied  in  practice. 
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(t  13.)  Suppose  a  rod  or  bar  attached  by  a  pin  or  joint  at  the 
upper  extremity  to  the  working  end  of  the  beam  of  the  cngincj 
and  by  a  similar  pin  or  joint  at  the  lower  extremity  to  an  iron 
wfaeul  fixed  on  the  extremity  of  the  axis  of  the  fly-wheel. 
One  half  of  tliis  wheel  is  formed  of  a  solid  semicircle  of  cast 
iron,  while  the  other  half  is  constructed  of  open  spokes,  so  aa 
to  be  aa  light  as  is  consistent  with  strength.  The  position  of 
ihc  wheel  on  the  axis  is  such  that  during  the  returning  stroke 
of  the  piston,  when  the  operation  of  tlie  steam  is  suspended, 
the  heavy  semicircle  of  the  wheel  will  he  descending,  and  by 
its  weight  will  draw  down  the  connecting  bar,  and  thereby 
draw  down  the  working  end  of  tlie  beam,  and  draw  up  the 
pinion  in  the  cylinder.  When  the  piston  descends  ajid  is 
driven  by  the  power  of  the  steam,  the  heavj'  semicircle  of  the 
above-mentioned  wheel  will  be  drawn  upwards,  and  in  tlie 
same  way  the  motion,  will  be  continued. 

(114.)  The  second  metliod  of  producing  a  rotatory  motion^ 
which  was  subsequently  continued  for  many  years  in  practical 
operation,  was  that  wlueh  was  called  the  Sun-atui-planet  WheeU. 

A  toothed  wheel  A 
{fg.  32.),  called  the 
sun  wheel,  was  fixed 
on  the  axle  of  the 
fly-wheel,  to  wlueh 
rotation  was  to  bo 
imparted.  Thewheel 
B,  called  tile  planet 
wheel  having  an 
equal  diameter,  was 
fastened  on  the  end 
I  of  the  connecting 
rod  H  I,  80  as  to  bo 
incapable  of  revolving.  During  the  descent  of  the  piston, 
the  working  end  of  tlie  beam  was  drawn  upwards,  and  the 
end  I  of  the  connecting  rod  travelled  from  c  to  D,  through 
the  dotted  semicircle  c  I  D.  The  wheel  h  not  being  capable 
of  revolving  on  the  centre  i,  would,  during  this  motion,  drive 
the  sun  wheel  a.  During  the  ascent  of  the  steam  piston,  the 
working  end  of  the  beam  would  descend,  and  the  centre  i  of 
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the  planet  wht^l  u  would  be  drivi-n  duwiiwanlB  from  D  to  c* 
throujjh  the  other  dotted  semicircle,  and  would  contK.-4Utmtly 
continue  to  drive  the  sun  wheel  ruuud  tn  the  some  direeliun. 

Thiscontriviince,  although  in  the  nuun  inferior  to  the  more 
simple  one  uf  the  crank,  is  not  without  some  advauto^es; 
aniong"  othenn,  it  gives  to  the  sun  wheel  double  the  velocity 
which  would  be  communicated  by  the  cmuk;  for  in  tlic  cnmk 
mio  revolution  only  on  the  axle  is  pnuluced  by  one  revolutioik 
uf  tlie  cnink,  but  in  the  sun-and-pUmct  wheel,  two  revolutiont 
of  the  sun  wheel  are  produced  by  one  of  the  planet  wheel ; 
thus  a  double  velocity  is  obtained  from  the  same  niutiun  ot 
the  l>eam.  This  will  l>e  evident  from  considering;  that  when 
the  planet  wheel  is  in  its  highest  position,  its  lowest  touth  u 
enjtnj,t'd  \riih  the  highest  tooth  of  the  sun  wheel;  as  the  pU- 
uel  wheel  pu:»se9  from  the  highest  position,  itn  teeth  driw 
those  of  the  sim  wheel  before  thera,  and  when  it  cornea  into 
the  lowest  position,  the  highest  tooth  of  the  plunet  wheel  is 
engaged  with  the  lowest  of  the  sun  wheel :  but  then  half  of 
the  Sim  wheel  has  rolied  o^'the  planet  wheel,  and,  therefon, 
the  tooth  which  was  cagiiged  with  it  in  its  highest  po- 
sition, must  now  be  distant  from  it  by  half  the  circomferencr 
of  tlie  wheel,  and  must,  tlierefore,  be  again  in  the  liigheM 
(Hisition;  so  tliat  while  the  planet  wheel  has  beencarriwl  from 
the  top  to  the  bottom,  the  aim  wheel  has  noade  a  complete 
rcTolution. 

I'his  advantage  of  giving  an  increased  velocity  may  be 
obtained  also  by  the  crank,  by  placing  toothed  wheels  on  its 
axle.  Independently  of  the  greater  cxpenBe  attending  the 
construction  of  the  sun-and-planet  wheel,  ittn  liability*  to  go 
out  of  order,  and  the  rapid  wear  of  the  teeth,  and  utlier 
objections,  rendered  it  inferior  to  tlie  crank,  which  haj*  entirely 
superseded  it. 

(115.)  Although  by  these  contrivances  Watt  succeeded  in 
obtaining  a  continuous  circular  motion  from  the  redpiO' 
eating  motion  of  tlie  steam  engine,  the  umcluue  was  still 
one  of  intermitting,  instead  of  continuous  action.  The  ex- 
pedient of  a  counterweight,  elevated  during  the  descending 
stroke,  and  giving  back  tlie  power  expended  on  it  in  the 
interval  uf  the   returning  stroke,   did    not  satisfy    llic   fas- 


lidious  mechanical  taste  of  Watt.  He  soon  pcrcc^tved  that 
all  which  he  proposed  to  accomplish  by  tJic  application 
of  two  cylinders  and  pistons  working  alternately,  could  be 
attained  with  greater  simplicity  and  effect  hy  a  single  cylin- 
der, if  he  could  devise  means  by  which  the  piston  might  be 
impelled  hy  steam  upwards  as  well  as  downwards.  To 
acL-oniplish  tills,  it  was  only  necessary  to  Uirow  the  lower 
end  of  the  cylinder  into  alternate  'communication  with 
the  boiler,  while  tlic  upper  end  would  he  put  into  communi- 
cation with  the  condenser.  If,  for  example,  during  the 
descent  of  the  piston,  the  upper  end  of  the  cylinder  conimu- 
aicated  with  the  boiler,  and  the  lower  end  with  the  condenser; 
and,  on  the  other  hand,  during  the  ascent  of  the  piston,  the 
lower  end  communicated  with  the  boiler,  and  the  upper  end 
with  the  condenser ;  then  the  piston  would  be  driven  con- 
tinually, whetlier  upward.s  or  downwards,  by  the  power  of 
steam  acting  against  a  vacuum.  Watt  obtained  his  third 
patent  for  this  contrivance,  on  the  12th  of  March,  I78S. 

This  change  in  the  principle  of  the  machine  involved  several 
other  changes  in  the  details  of  its  mechanism. 

(116.)   It  was  necessary,  in  the  first  place,  to  provide  means 
for  admitting  and  withdrawing  the  steam  at  either  end  of  the 
I  Fif-  33.  cylinder.      For  this  purpose  let  b  and  t^ 

^^a,        "  {^g.S'i.)  be  two  steam-boxes,  B  the  uj>- 

^^B«  S     [    i  1^  P^r,   and    b'    the  lower,   communicating 

^^rc  ■»^T— 1 — 7  ^3p    respectively  with  the  top  and  bottom  of 
^^  ,l#.l  the  cylinder   by    proper   passages   d  d'. 

^^  Let  two  valves  be  placed  in  b,  one,  a, 

^^P  above  the  passage  D,  and  the  other,  c, 

^^  below  it;  and  in  like  manner  two  other 

F         Irsn  valves  in  the  lower  valvc-box,  b',  one,  s', 

[         J  "^ — '  above  the  passage  d',  and  the  other,  </, 

J  ^  j   I  ~  below  it.     Above  the  valve  s  in  the  up- 

IV  per  steam-box  is  an  opening  at  which 

the  steam-pipe  from  the  boiler  enters,  and  below  tlie  valve  c  ia 
another  opening,  iit  which  enters  tlic  exhausting-pipe  leading 
to  the  condenser.  In  like  manner,  above  the  valve  s'  in  the 
lower  8team-box  enters  a  steam-pipe  leading  from  the  boiler, 
and  below  the  valve  c'  enters  an  exhausting-pipe  leading  tu 
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the  condenser.  It  is  evident,  therefore,  that  steam  oui  alwmyi 
be  admitted  aborc  the  piftton  by  opening  the  valve  b,  and  b^- 
low  it  hy  opening  the  valve  s';  and,  in  like  nmuner,  itctun  can 
be  wit}i(trawn  from  the  cylinder  above  the  piston,  and  allowed 
to  pass  to  the  condenser,  by  opening  the  valve  c,  and  froro 
below  it  by  opening  the  valve  (f. 

Suppasing  the  piaton  r  to  be  at  the  top  of  the  cyUndcr, 
and  the  cylinder  below  the  piston  to  be  filled  with  purr 
steam,  let  the  valves  s  and  c'  be  o]>cncd,  the  valves  c  and  ^ 
F_9-  S4.  ^  being    closed    as    represented    in  fig,  34^ 


a: 

J 


u 


Steam  from  the  boiler  will,  therefore,  flow 
^  in  through  the  open  valve  s,  and  will  presa 
the  piston  downwards,  while  the  steam  that 
has  filled  the  cylinder  below  the  piston  will 
pass  through  the  open  valve  c"  into  the 
C3chausting-pipc  leading  to  tite  condenser, 
and  being  condensed  will  leave  the  cylinder 
bulow  tlic  piston  a  vacuum.  The  pistoa 
will,  therefore,  he  pressed  downwards  by 
tlic  action  of  the  steam  above  it,  as  in  the 
single-acting  engine.  HaWng  arrived  at 
tlie  bottom  of  the  cylinder,  let  the  valves  s  and  if  be  both 
closed,  and  the  valves  s'  and  c  be  opened,  as  represented  in 
fig.  34.  Steam  will  now  lie  admitted  through  the  open  \-alve 
ef  and  through  the  passage  n'  below  the  pbton,  while  the 
steam  which  has  just  driven  the  piston  downwards,  filling  the 
cylinder  above  the  piston,  will  be  drawn  off  through  the  open 
valve  c,  and  the  exhausting-pipe,  into  the  condenser,  leaWng 
the  cylinder  above  the  piston  a  vacimm.  The  piston  will, 
therefore,  be  preased  upwards  by  the  action  of  the  ateam 
below  it,  against  tlie  vacuum  above  it,  and  will  ascend  vrith 
the  same  force  as  that  with  which  it  Imd  descended. 

Tliis  alternate  action  of  the  piston  upwards  and  downwards 
may  evidently  be  continued  by  opening  and  closing  the  valve* 
Alternately  in  pairs.  Whenever  tlie  piston  is  at  the  top  of 
tlie  cylinder,  as  represented  in  fig.  33.,  the  valves  s  and  c*, 
that  is,  the  upper  steam-valve  and  the  lower  exhausting- 
valvr,  are  opened,  and  the  valves  c  and  s',  that  is,  the  upper 
exhausting- valve  and  the  lower  stt-am-valve,  are  cloaed ;  and 
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when  the  piston  lias  arrived  at  the  bottom  of  the  cylinder,  as 
represented  in^.  34.,  the  valves  c  and  s',  that  is,  the  upper 
exluiusting-valvc  aiid  the  lower  steam-valve,  arc  opened,  and 
the  valves  a  and  </,  that  is,  the  upper  steam-valve  and  the 
lower  cxliausting-valvc,  are  closed. 

If  tliesc  valves,  aa  lia^t  heen  here  supposed,  he  opened  and 
closed  at  the  moments  at  which  the  piston  reaches  the  top 
uid  bottom  of  the  cjlinder,  it  is  evident  that  they  may  be  all 
worked  by  a  single  lever  connected  with  them  by  proper 
ue^Iiani^OQ.  When  the  piston  arrives  at  the  top  of  tlie 
cylinder,  this  lever  would  be  made  to  open  the  valves  s  and 
(/,  and  at  the  same  time  to  close  the  valves  s*  and  c ;  and 
when  it  arrives  at  the  bottom  of  the  cylinder,  it  would  be 
made  to  dose  the  valves  s  and  c',  and  to  open  the  valves 
s'  and  c. 

If,  however,  it  be  desired  to  cut  off  the  steam  before  the 
arrival  of  the  piston  at  the  termination  of  its  stroke,  whether 
upwards  or  downwards,  tltcn  the  i^  team -valves  must  be  closed 
before  the  arrival  of  the  piston  at  the  end  of  its  stroke ;  and 
as  the  exhausting-valve  ought  to  be  left  open  until  the  stroke 
is  completed,  these  valves  ought  to  be  moved  at  difPereiit 
times.  In  that  case  separate  levers  should  be  provided  for 
the  different  valves.  We  shall,  however,  return  again  to  tlie 
subject  of  the  valves  which  regulate  the  achmssion  of  steam 
to  tlie  cyUnder  and  iUi  escape  to  the  condenser. 

(117.)  It  will  be  remembered  tliatin  the  single-acting  engine 
the  process  of  condensation  was  suspended  while  the  piston 
ascended  in  the  cylinder,  and  therefore  the  play  of  the  jet  of 
cold  water  in  the  condenser  was  stopped  during  this  mterval. 
In  the  double-acting  engine,  however,  the  flow  of  steam  from 
tlie  cylinder  to  the  condenser  is  continued,  whether  the  piston 
ascends  or  descends,  and  therefore  a  constant  condensation  of 
steam  must  be  produced.  Tlie  condensing  jet,  tliercfore, 
does  not  in  this  case,  as  in  the  former,  play  with  inten-als  of 
intermission.  A  constant  jet  of  cold  water  must  be  main- 
tained in  the  condenser. 

It  will  presently  appear  tliat  in  the  double-acting  engine 
applied  to  manui'actures,  the  motion  of  the  piston  was  subject 
to  more  or  less  variation  of  speed,  and  the  quantity  of  steam 
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adinitUul  to  the  cvliiuicr  wna  subject  to  n  correspond iny 
cliangt;.  Tlic  quantity'  of  itteam,  liierufore,  drawn  itiLii  tbc 
condenser  was  subject  tn  variation,  and  required  a  consider- 
able change  in  the  quantity  of  cold  water  admitted  through 
the  jet  to  condense  it.  To  re-fulate  this,  the  valve  nr  cock 
by  which  the  water  was  admitted  into  the  condenser  vnui 
worked  in  the  double-acting  enpfine  by  a  lever  furnished  with 
an  index,  hy  which  the  quantity  of  condensing;  water  «(!• 
milted  into  the  condenser  could  be  regulated.  Thiii  index 
played  upon  a  graduated  arch,  by  which  the  cngine-num  *«s 
enabled  to  regulate  the  supply. 


CHAP.  VIII. 

■TETnOIW  OP  COKSKtTINQ    THK    PISTON-BOD  AND    BKAU    IN    THR    DOtTDI.K- 

ACTING     EMOINB. RACK    A>D    SKCTOft. FAR\I.I.i:i.    MOTION.  —  COK- 

KKCTING       BOD      A>D       CRANK. PLY-WIIIIBL. TllRtJTTI.K-VALVK.  — 

GOVERNOR    — CONSTRUCTION  AND  UPERATION  OF  THE  t»OUlU,K-ACTIN« 
■NBINB  —  BCCKNTRIC. — COCKS  AND  VALVKS.  —  SINGLK-CLac:K    VAI.VK. 

—  DOUBLE-CLACK      VALTB.  —  CONICAL       VALVES. SLIDK      VAl.TKS 

■irRKAT's     9LIU85.  —  THE     D     VALVR.  —  SBAVtARD'^    SLIDES.  —  SIHai.R 

CrOTK. FOUR-WAT  COCK.  —  PISTON«. — .POMMUN  UI1MP<rACKRD  PISTOK. 

WOOLPK'S   PISTON. HBTALLIC    PISTON5. cartwriuht'd   BNUINB. 

—  cartwrigiit's  piston. —  Barton's  pwton. 

{118.)  In  the  single-acting  engine,  the  furce  of  tlic  piston 
acted  on  the  beam  only  during  its  descent ;  and  this  force  was 
transmitted  from  the  pij^tun  to  the  beam,  as  wc  have  seen,  hy 
a  flexible  chain,  extended  from  the  end  of  the  piston-rod, 
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and  placing  upon  the  arch  head  of  the  beam.  In  the  double- 
acting  engine,  however,  the  force  of  the  8t(>am  prpaaing  the 
piston  upwardii  must  ltkc\\i&c  be  traiismitled  to  the  beam, 
90  as  to  drive  the  latter  upwards  wliile  the  piston  ascends. 
This  action  could  not  bo  accomplished  by  a  chain  connecting 
the  piston  with  the  arch  head  of  the  beam. 

Where  the  mechanical  action  to  bo  transmitted  is  a 
puUy  and  not  a  puxh,  a  flexible  chain,  cord,  or  strap,  is 
luihcicnt ;  but  if  a  puih  or  thrust  is  required  to  be  trans- 
mittcd,  then  the  flexibility  of  the  medium  of  mechanical 
communication  affurded  by  a  chain  renders  it  inuppilcable. 
In  the  double-acting  engine,  duiing  the  descent,  the  piston- 
rod  still  pulls  the  beam  down  ;  and  «o  far  a  cliain  connecting 
the  piston-rod  with  the  beam  would  be  sufficlfut  to  transmit 
the  action  of  the  one  to  the  otiicr ;  but  iu  the  aMrcut,  the  beam 
no  longer  pulls  up  the  piston-rod,  hut  is  pushed  up  by  it. 
A  cliain  &om  tlic  piston-rod  to  tlie  arch  head,  as  described 
in  the  single-acting  engine,  would  fail  to  transmit  this  force. 
If  such  a  cliain  were  used  with  the  double  engine,  when; 
there  is  no  counterweight  on  the  opposite  end  of  the  beam, 
the  consequence  would  be,  tliat  in  the  ascent  of  the  piston 
the  chain  would  slacken,  and  the  beam  would  still  remain 
depressed.  It  is  tlicrefore  necessary  that  some  other  mechanv* 
cal  connection  bo  contrived  between  the  piston-rod  and  the 
beam,  of  such  a  nature  tltat  in  the  descent  the  piston-rod  may 
pull  the  beam  down,  and  m&y  push  it  up  in  the  ascent. 

Watt  first  proposed  to  effect  iliis  by  attaching  to  the  end 
of  the  piston-rod  a  straight  rack,  faced  with  teetli,  which 
should  work  in  corresponding  teeth  raised  on  the  arch  head  of 
the  beam,  as  represented  in^<^.  3.5.  If  his  improved  atean 
'w-  "•  engines  required  no  further  precision  of  opcratim 
and  construction  than  the  atmospheric  engines,  this 
might  have  been  sufficient;  but  in  these  engines  it 
was  indispensably  necessary  that  the  piston-rod  should 
be  guided  with  a  smooth  and  even  motion  throu^ 
thestufSng-box  in  the  top  of  the  cylinder,  otherwise 
any  shake  or  irregularity  would  cause  it  to  work 
loose  in  the  stuiling-hox,  and  either  to  admit  the  air,  or  to  let 
ihe  steam  escape.     Under  these  circumstances,  the  motion  of 
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the  rack  and  toothed  arch  head  wore  madniissiblc,  since  it 
was  impossible  by  such  means  to  Impart  to  the  piston-rod  that 
smooth  and  equable  motiou  which  was  requisite.  Anotlier 
contrivance  which  occurred  to  "Watt  was,  to  attach  to  the  top 
of  the  piston-rod  a  bar,  which  shpuld  extend  above  tlie  beam, 
and  to  use  two  chains  or  straps,  one  extending  from  the  top 
of  the  bar  to  the  lower  end  of  the  arch  head,  and  the  other 
from  the  bottom  of  the  bar  to  the  upper  end  of  the  arch  head. 
By  imch  means  the  latter  strap  would  pull  tlie  beam  down 
when  the  piston  would  descend,  and  the  former  would  pull  the 
beam  up  when  the  piston  w^ould  ascend.  These  contrivances, 
bowevcr,  were  superseded  by  the  celebrated  mechanism  since 
caUed  the  Parallel  Motion,  one  of  the  most  ingenious 
ucchamcal  combinations  connected  with  the  histor)'  of  tlie 
steam  engine, 

(111).)  It  will  be  observed  that  the  object  was  to  connect  by 
some  inflexible  means  the  end  of  the  piston-rod  with  the  ex- 
tremity of  the  beam,  and  so  to  contrive  the  mechanism,  that 
while  the  end  of  the  beam  would  move  alternately  up  and  down 
in  part  of  a  circle,  the  end  of  the  piston-rod  connected  with  tlie 
beam  should  move  up  and  down  in  a  straight  line.  If  the  end  of 
the  piston-rod  were  fastened  upon  the  end  of  the  beam  by  a 
pivot  without  any  other  connection,  it  is  evident  that,  being 
moved  up  and  down  in  the  arch  of  a  circle,  it  would  be  drawn 
to  the  left  and  the  right  alternately,  and  would  consequently 
either  be  broken  or  bent,  or  would  work  loose  in  tlie  stufBng- 
box.  histead  of  connecting  the  end  of  the  rod  inunediately 
wth  the  end  of  the  beam  by  a  pivot.  Watt  proposed  to  con- 
nect them  by  certain  moveable  rods,  so  arranged  that,  as  the 
«nd  of  the  beam  would  move  up  and  down  in  the  circular 
arch,  the  rods  would  so  accommodate  themselves  to  that  mo- 
tion, that  the  end  connected  with  the  piston-rod  shoidd  not 
l>e  disturbed  from  its  rectilinear  course. 

To  explain  the  principle  of  the  mechanism  called  the  pa- 
rallel motion,  let  us  suppose  lliat  op  (Jig.SCy.)  is  a  rod  or  lever 
tnoveable  on  a  centre  o,  and  that  the  end  p  of  this  rod 
shall  move  through  a  circular  arch  p  i^  r"  P'"  in  a  vertical 
plane,  and  let  its  play  be  limited  by  two  stops  s,  which  shall 
prevent  its  ascent  above  the  point  P,  and  its  descent  below 
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the  point  p"'.    Let  the  position  of  the  rod  and  the  limitation 
of  ita  play  be  such  that  the  straight  line  a  b  drawn  throt^fa 


p  and  r"',  the  extreme  positions  of  the  lever  o  p,  shall  be 
vertical  Une. 

Let  0  be  a  pomt  on  the  otiier  side  of  the  vertical  line  a 
and  let  the  distance  of  o  to  the  right  of  a  b  be  the  same 
the  distance  of  o  to  the  left  of  A  e.     I^t  op  he  &  rod  equ*' 
in  length  to  o  P,  moving  like  o  p  on  the  centre  o,  aa  thai  if 
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FXtremity  p  shall  pUy  upwards  and  downwards  through  the 
anhpp'j/'p"',  ita  play  being  limited   in   like   manner   by 

stops  M. 

Now,  let  us  suppose  tliat  the  ends  p  p  of  these  two  rods  are 
joined  by  a  link  pp,  the  connection  being  made  by  a  pivot, 
10  that  the  angles  formed  by  tlic  link  and  the  rods  shall  be 
capable  of  changing  their  magnitude.  This  link  will  make 
ihe  motion  %f  one  rod  depend  ou  that  of  the  other,  since  it 
vill  preserve  their  extremities  p  p  always  at  the  same  distance 
from  each  other.  If,  therefore,  we  suppose  the  rod  o  P  to  be 
moved  to  the  position  o  p"',  its  extremity  p  tracing  the  arch 
p  p'  p"  p"',  the  link  connecting  the  rods  will  at  the  same  time 
drive  the  extremity  p  of  the  rod  op  through  the  arch 
pp'  ^  ^"i  «>  that  when  the  extremity  of  the  one  rod 
arrives  at  p"',  the  extremity  of  the  other  rod  will  arrive  at 
p'".  By  this  arrangement,  in  the  simultaneous  motion  of  the 
rods,  whether  upwards  or  downwards,  through  the  circular 
arches  to  which  their  play  is  limited,  the  extremities  of  the 
Link  joining  them  will  deviate  from  the  vcKical  line  a  B  in 
opposite  directions.  At  the  limits  of  their  play,  the  extremi- 
ties of  tiie  link  will  always  be  in  tlie  line  a  fi ;  but  in  all 
intermediate  positions,  the  lower  extremity  of  the  link  will  Iw 
to  the  right  of  A  b,  and  its  upper  extremity  to  the  left  of  a  •. 
So  far  as  the  derangement  of  the  lower  extremity  of  the  link 
is  concerned,  the  matter  composing  the  link  would  be  trans- 
ferred to  the  right  of  a  b,  and  so  far  as  the  upper  extremity 
of  the  link  is  eoncenu-d,  the  matter  composing  it  would  b« 
transferred  to  the  left  of  a  b. 

By  the  combined  effects  of  these  contrary  derangements  of 
the  extremities  of  the  link  from  the  vertical  line,  it  might  be 
expected  that  a  point  would  exist,  in  the  middle  of  the  link, 
where  the  two  contrary  derangements  would  neutralise  each 
other,  and  which  point  would  tlierefore  be  expected  to  be 
disturbed  neither  to  the  right  nor  to  the  left,  but  to  bu  move4 
upwards  and  downwards  in  the  vertical  line  a  b.  Such  is 
the  principle  of  the  parallel  motion ;  and  in  fact  the  middle 
point  of  the  link  will  move  for  all  practical  purposes  accu- 
rauly  in  llie  vertical  line  a  b,  provided  that  the  angular 
play   of  the  levers  op  and  op  does  not   exceed  a  certain 
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limit,  within  which,  iii  practice,  their  motion  may  alwavm 
restrained. 

To  trace  the  motion  of  the  middle  point  of  the  link  man 
minutely,  let  ?  p'  p"  p"'  be  four  positions  of  the  lever  o  F,  and 
let  pp'j/'p"'  be  the  four  corresponding  positions  of  tlie  le- 
ver op.  In  the  positions  ovop^  the  liiik  will  take  the  po- 
sition p  Pf  in  which  the  entire  link  irill  be  vertical,  and  ita 
middle  point  x  will  therefore  be  iu  the  vertical  Ufle  a  b. 

When  tlie  one  rod  takes  the  position  o  p*,  the  other  rod 
will  have  the  position  opf ;  and  the  Unk  will  liavc  the  position 
p'ji'.  The  middle  point  of  the  link  will  l)c  at  y,  which  will 
bo  found  to  be  un  the  vertical  line  a  d.  Thus  one  half  of 
the  link  p'  of  will  bo  to  the  lef^  of  the  vertical  line  a  b  ; 
while  tlie  other  half,  pf  sf,  will  be  to  the  right  of  the  vertioal 
line ;  the  derangement  from  the  vertical  line  affecting  each 
half  of  the  link  in  contrary  directions. 

Again,  taking  the  one  rod  in  tlie  position  o  p",  the  cor- 
responding position  of  the  other  rod  will  be  op'\  and  the 
position  of  the  Unk  will  be  p"y".  If  the  middle  point  of  the 
link  in  tills  position  be  taken,  it  will  be  found  to  be  at  x",  on 
the  verticjtl  line  a  b  ;  and,  ad  before,  one  half  of  the  link 
V''  af'  win  be  tJiruwu  to  the  left  of  the  vertical  line,  while 
the  other  half  pf'  x",  will  bo  thrown  to  the  right  of  the  ver- 
tical  line. 

Finally,  let  the  one  rod  be  in  its  lowest  poaitiou*  o  p^, 
while  the  other  rod  shall  take  the  corresponding  posidoa, 
of^".  The  directlDn  of  the  link  v"'  j/"  will  now  coincide 
with  the  vertical  line ;  and  its  middle  point  af"  will  therefore 
be  upon  that  line.  The  previous  derangement  of  the  ex- 
tremities of  the  rod,  to  the  right  and  to  the  left,  are  now  re- 
dressed, and  all  the  parts  of  tlie  rod  have  assumed  the  vertical 
position. 

It  iii  plain,  therefore,  that  by  such  means  the  alternate 
motion  of  a  point  such  as  p  or  p,  upwards  and  downwards  in 
•  circular  arch,  may  be  made  to  produce  the  alternate  motions 
of  another  point  x,  upwards  and  downwards  in  a  straig! 
line. 

(ISO.)  Although  the  guidance  of  the  air-pump  rod  in  a  tni 
Tertical  line  ia  not  so  necessary  as  that  of  the  steam  piston 
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and  as  the  air-pump  piston  is  always  brought  down  by  its  own 
Weight  and  tliat  of  its  rod,  the  connection  of  the  air-pump 
piston-rocl  with  the  beam,  by  any  contrivance  of  the  kind 
now  dcscrihed,  was  not  so  necessary.  Nevertheless,  by  a 
slight  addition  to  the  mechanical  contrivance  which  has  been 
just  described,  AVatt  obtained  the  means  of  at  once  preserving 
the  true  rectilinear  motion  of  both  piston-rods. 

IiCt  the  lever  represented  by  o  P  iiijig.  SG.  be  conceived  to 
be  prolonged  to  twice  its  length,  as  represented  iajit^r.  37.,  so 

Fig.  VI* 


that  o  p'  shall  be  twice  o  p.  Let  tlie  points  p^  be  connected 
by  a  link  as  before.  Let  a  link  p'  j/,  equal  in  length  to  tlie 
link  p  /;  be  attached  to  the  point  r',  and  let  the  extremity  ar' 
of  this  link  be  connected  with  the  point  p  by  another  link, 
eqiial  in  length  to  P  i**,  by  pivots  at  x*  and  p,  so  that  the  £^^0*0 
P  p'  x'  j)  sltall  be  a  jointed  parallelogram,  the  angles  of  which 
will  be  capable  of  altering  their  magnitude  with  every  change 
of  position  of  the  rods  op  and  o  p.  Thus,  when  the  rod  o  P 
descends,  tlie  angles  of  the  parallelogram  at  p  and  a^  vAW  ba 
diuiiuishcd  in  magnitude,  while  the  angles  at  p'  and  p  will  be 
increased  in  magnitude.  Now,  let  a  line  be  conceived  to 
be  drawn  from  0  to  sf.  It  is  endent  that  that  line  will 
pass  through  the  middle  point  of  the  link  p  p,  for  the  tri- 
angle opxis  in  all  respects  similar  to  Uic  greater  tiiangle 
o  p*  jc'  only  on  half  the  scale,  so  that  every  side  of  the  one  is 
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biiif  the  corregpoiKliiig  side  of  the  other.  Therefore  r  ■>  u 
haU'  the  length  of  p*  x' ;  but  p'  x*  was  made  equal  to  Pj9,  and 
iJiert'fore  p  .v  is  half  of  r  ;),  that  is  to  say,  x  i»  the  middle 
point  of  p/). 

It  has  been  already  showu,  that  in  tlie  altcruate  motion  of 
the  rods  op,  o  p  irv  ajwendinjj  and  defending,  the  point  x  ii 
moved  upwards  and  downwards  in  a  true  vertical  line.  Now 
nuce  the  triangle  o  P  x  is  in  all  respects  similar  to  o  r'  d^t 
and  subject  to  a  similar  motion  during  tlie  ascent  and  di^ 
scent  of  iJic  rods,  it  is  apparent  that  the  point  x'  must  bo 
subject  to  a  motion  in  all  respects  similar  to  that  which  affect* 
the  points  X,  except  that  the  point  x'  will  move  through 
double  the  space.  In  fact,  the  principle  of  the  mechoiiiiun  ta 
precisely  similar  to  that  of  the  common  pantograph,  where  two 
rods  are  so  connected  as  that  the  motion  of  the  one  govcrni 
tlie  motion  of  the  other,  so  that  wluitcvcr  line  or  figure  may 
be  described  by  one,  a  similar  line  or  figure  must  be  described 
by  the  other.  Since,  then,  the  point  x  is  moved  upwards  and 
downwards  in  a  vertical  straight  line,  the  point  x'  will  alao  be 
moved  in  a  vertical  straight  line  of  double  Uic  lengtli. 

If  such  an  arrangement  of  mechanism  as  has  been  here  de- 
scribed can  be  connected  with  the  beam  of  the  steam  engine, 
so  tliat  while  the  point  j/  is  attached  to  the  top  of  the  steam 
piston,  and  tlic  s{)acc  through  wliich  it  ascends  and  deaceiidi 
sliall  be  equal  to  the  length  of  the  stroke  of  that  piston,  the 
point  X  shall  Ik-  attaclied  to  the  rod  of  the  air-pump  piston, 
the  stroke  of  the  latter  being  half  that  of  the  steam  piston, 
then  the  points  x'  and  x  will  guide  the  motion  of  tlie  two  pis- 
tons  so  as  to  presen'c  them  in  true  vertical  straight  Uuea. 

The  mamier  in  whicli  these  ideas  are  reduced  to  practice 
admits  of  ea«y  explanation:  let  tlie  point  o  be  the  centre  of 
tlie  great  working  beam,  and  let  o  p'  be  the  arm  of  the  beam 
on  the  itidc  of  tlic  steam  cylinder.  Let  p  be  a  pivot  upon  the 
beam,  at  the  middle  [>oint  between  its  centre  o  and  its  extre- 
mity p';  and  let  the  links  rp,  f'x',  and  pp  be  jointed  together, 
as  already  described.  Let  the  point  or  pivot  o  be  attached 
to  Knnc  part  of  the  fixed  framing  of  the  engine  or  engine 
hooae,  and  let  the  rod  op,  equal  to  half  the  ann  of  tlic  beam, 
be  attached  by  a  pivot  to  the  corner  of  the  parallelograin  at 
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p.  Let  the  end  of  the  steam  piftton-rod  be  attached  to  the 
comer  of  tlie  porailclu^am  a/,  and  ict  the  end  of  the  air- 
pump  be  attached  Ui  the  middle  point  x  of  tlie  link  r  p  ; 
by  which  arrangement  it  is  e^ideut  that  tlie  rectilinear  mo- 
tion of  the  two  piston-rods  will  be  rendered  compatible  with 
the  alternate  circular  motions  of  the  points  p'  and  p  on  the 
beam. 

Among  the  many  mechanical  inventions  produced  by  the 
fertile  genius  of  Watt,  there  is  none  which  has  excited  such 
universal,  such  tinqualified,  and  such  merited  admiration  as 
that  of  the  parallel  motion.  It  is  indeed  impossible,  even 
for  an  eye  unaccustomed  to  view  mechanical  combinations,  to 
bcliold  the  beam  of  a  steam  engine  moving  the  pistons, 
through  the  instrumentality  of  the  parallel  motion,  without 
an  instinctive  feeling  of  pleasure  at  the  unexpected  fulfil- 
ment of  an  end  by  means  having  so  little  apparent  connection 
with  it.  When  this  feeling  was  expressed  to  Watt  himself, 
by  those  who  first  beheld  the  performance  of  this  exquisite 
mechanism,  he  exclaimed  with  his  usual  ■vivacity,  that  he 
himself,  wlit-n  he  first  beheld  his  own  contrivance  in  action, 
was  affected  by  the  same  sense  of  pleasure  and  surprise  at  its 
regularity  and  precision.  He  said,  that  he  received  from  it 
the  same  species  of  enjoyment  tliat  usually  accompanies  the 
first  view  of  the  successful  invention  of  another  person. 

•'  Among  the  parts  composing  the  steam  engine,  you  have 
doubtless,"  Rays  M.  Arago,  "  observed  a  certain  articulated 
parallelogram.  At  each  ascent  and  descent  of  the  piston,  its 
angles  open  anfl  close  with  the  sweetness — I  had  almost  said 
with  the  grace  —  which  channs  you  in  the  gestures  of  a  con- 
summate actor.  Follow  with  your  eye  alternately  the  pro- 
gress of  its  successive  changes,  and  you  will  find  them  subject 
to  the  most  curious  geometrical  conditions.  You  mil  see,  that 
of  the  four  angles  of  the  jointed  parallelogram,  three  describe 
circular  arches,  but  the  fourth  which  holds  tlie  piston-rod 
it  moved  nearly  in  a  straight  line.  The  immense  utility  of 
this  result  strikes  mechanicians  witli  even  less  force  than  the 
simpliciij'  of  the  means  by  which  Watt  has  attained  it." 

The  parallel  motion,  of  which  there  are  several  other  va- 
rieties, depending,  however,  generally  upon  the  same  princi- 
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pie,  formed  part  of  a  patent  which  Mr.  Watt  obtained  in  the 
year  1784,  another  part  of  which  patent  was  for  a  locomotive 
engine,  by  which  a  carriage  was  to  be  propelled  on  a  roact 
In  a  letter  to  Mr.  Smeaton  dated  22d  October,  in  the  same 
year.  Watt  says, — 

"  I  have  lately  contrived  uevenil  methods  of  getting  entirely 
rid  of  all  the  chains  and  circular  arches  about  the  great  leien 
of  steam  engines,  and  nevertlieless  making  tlic  piston-rod* 
ancend  and  descend  perpendicularly,  without  any  Blidingmo- 
tions  or  right-lined  guides,  merely  by  combiuatiuns  of  motions 
about  centres;  and  with  this  further  advantage,  that  they  i 
answer  equally  well  to  push  upwards  as  to  pull  downwards,  i| 
so  that  this  method  is  applicable  to  our  double  engines  which  I 
act  both  in  the  ascent  and  descent  of  tlieir  pistons. 

"  A  rotative  engine  of  this  species  with  the  new  motion 
which  is  now  at  work  in  our  manufactory  (but  must  be  sent 
away  very  soon)  answers  admirably.  It  has  cost  much  brain 
work  to  cuutHve  proper  working  gear  for  these  double  en- 
gines, but  I  have  at  last  done  it  tolerably  well,  by  means  of 
the  circular  valves,  placed  in  an  inverted  position,  so  as  to  be 
opened  by  the  ibrce  of  the  steam  ;  and  they  arc  kept  shut  by 
the  working  gear.  Wc  have  erected  an  engine  at  Mema. 
Goodwyne  and  Co.'s  brewery.  East  Smithiield,  London." 

(121.)  By  the  contiivaucc  which  has  buen  explained  abon, 
tlie  force  of  the  piston  in  ascendiDg  and  descending  would  be 
conveyed  to  tliu  working  end  of  tlio  beam ;  and  the  next  pro- 
blem which  Watt  had  to  solve  was,  to  produce  by  the  force 
exerted  by  the  working  end  of  the  beam  in  ascending  and  de- 
scending a  continuous  motion  of  rotation.  In  the  first  in- 
stance he  proposed  to  accomplish  this  by  a  crank  placed  upon 
the  axle  to  which  rotatiun  was  to  be  Imparted,  and  driven  by 
a  rod  connecting  it  with  the  working  end  of  the  beam.  Let 
K  (^.  38.)  be  the  centre,  to  which  motion  is  to  be  impaxtrd 
by  the  working  end  u  of  the  beam.  On  the  axle  k  suppoM 
a  short  lever  K  l  to  be  fixed  so  tliat  when  k  i  is  turned  round 
the  centre  K,  the  axJe  must  turn  with  it.  Let  an  iron  rod, 
the  weight  of  which  shall  balance  the  piston  and  piston-rod 
at  the  other  end  of  the  beam,  be  connected  by  jnints  with 
the  working  end  H  of  thebeanij  and  the  extremity  i  of  the 
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lever  K  !•    Aj  the  end  h  of  the  beam  U  moved  upwards  and 
downwards,  the  lever  K  i  wUl  be  turned  rouud  tlic  centre  K, 

taking  successively 
the  positions  repre- 
sented by  faint  Unes 
in  tlic  fifj^c ;  and  thus 
a  motion  of  continued 
rotation  will  be  im- 
parted to  the  axle  k. 

This  simple  and 
effectual  expedient 
of  producing  a  con- 
tinued rotatory  mo- 
tion by  a  crank  was 
abandoned  by  Watt, 
as  already  explained, 
by  reason  of  a  patent 
having  been  obtained 
upon  information  of 
his  experiments  sur- 
reptitiously procured. 
To  avoid  litigation, 
he  therefore  substi- 
tuted for  the  crank 
the  sun  and  planet 
wheel  already  de- 
scribed ;  but  at 
expiration  of 
patent,  which 
stricted    the    use 


\\0' 


the 
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die   crank,  the  sun  and  pknet  wheel  was  diseuutiuued  in 
tWatt's  engine,  and  the  crank  restored. 

(122.)  Wliether  the  crank  or  tlie  nun  and  planet  wheel  be 
used,  there  is  still  a  dilBculty  in  the  maintenance  of  a  regular 
motion  of  rotation.  In  tlie  various  positions  which  the  crank 
and  connecting  rod  ossiune  throughout  a  complete  revolution, 
there  are  two  in  which  the  moving  power  loses  all  iniluence 
in  impelling  the  crank.  Tliesc  positions  are  those  which  the 
crank  assumes  when  the  piston  is  at  the  top  and  bottom  of  tlie 
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cyliudcrr  and  is  just  about  to  change  tbc  direction  of  its  ino- 
tioa.  Wlien  the  piston  is  at  the  bottom  of  the  cylinder, 
the  pivut  I  {fig.  ,'}8.),  by  which  the  comiircting  rod  H  i  i»  at- 
tached to  the  end  of  tlie  crank,  is  iininediatcly  over  the  axle 
K  of  the  crank,  and  under  the  pivot  u,  which  joins  the  upper 
end  of  tlie  cotineitin};  rod  with  the  beam.  In  fact,  in  thii 
position  iJie  connecting  rod  and  craidc  arc  in  the  same 
straight  line,  extending  from  the  end  of  the  beam  to  tlie  azl« 
of  tlie  crank.  The  stcani,  on  entering  the  cylinder  below  the 
piston,  and  pressing  it  upwards,  would  produce  a  correspond- 
ing downward  force  on  the  connecting  rod  at  h,  which  would 
be  continued  along  the  connecting  rod  and  crank  to  the  axle 
K.  It  is  evident  tl»at  such  a  force  could  iwve  no  tendency  to 
turn  tlie  crank  round,  but  would  expend  its  whole  energy  in 
pressing  the  axle  k  downwards. 

The  other  position  in  which  tlie  power  loses  its  effect  upon 
the  crank  is  when  the  piston  is  at  the  top  of  the  cylinder.  In 
this  coae,  the  working  end  of  the  beam  will  be  at  the  luwcM 
point  of  its  play,  and  tlie  cmnk-pin  i  will  be  immediately 
below  the  axle  k  ;  so  that  k  will  be  placed  immediately  b^ 
tween  H  and  i.  When  the  steam  presses  on  the  top  of  the 
pifiton,  it  will  expend  its  force  in  drawing  the  end  ii  of  the 
connecting  rod  upwards,  by  which  the  crank-pin  i  will  like- 
vise  be  drawn  upwards.  It  is  evident  that  tlus  force  can  hare 
no  eflfect  in  turning  the  crank  round,  but  will  expend  it5  whole 
energy  in  producing  an  upward  strain  on  the  axle  k. 

If  the  craidc  were  absolutely  at  rest  in  either  of  the  pontiou 
above  described,  it  is  apparent  that  the  engine  could  not  be 
put  in  motion  by  tlie  steam  ;  but  if  the  engine  has  been 
previously  in  motion,  then  the  mass  of  matter  forming  the 
crank,  and  the  axle  on  which  the  crank  is  formetl,  having  al- 
ready hud  a  motion  of  rotation,  will  have  a  tendency  to  prr- 
aervc  the  momenttun  it  has  received,  and  this  tendency  wiO 
be  sufficient  to  Uirow  the  crank  k  i  out  of  either  of  thoae  cri- 
tical positions  which  have  been  described.  Having  once  «•• 
caped  these  dead  points,  then  the  connecting  rod  forming  on 
angle,  however  obtuse  or  acute,  with  the  crank,  tlie  pressure 
or  pull  upon  the  former  will  have  a  tendencj'  to  produce  rot»- 
tion  in  the  latter.     As  the  crank  revolves,  however,  the  influ- 
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iUA  of  the  connecting  rod  upon  it  will  vaxy  according  to  the 
angle  formed  by  the  connecting  rod  and  crank.     Wlien  that 
angle  is  a  right  angle,  then  the  eiTect  of  the  connecting  rod 
on  the  crank  is  greateat,  since  the  force  upon  it  has  the  advan- 
tage of  the  whole  leverage  of  the  crank ;  but  according  as 
the  angle  formed  by  the  craidc  and  connecting  rod  becomea 
more  or  lesa  acute  oi  obtuse  in  the  successive  attitudes  which 
ihey  aasume  in  the  revolution  of  the  crank,  the  inAuencc  of  the 
connecting  rod  over  the  cnmk  varies,  changing  from  nothing 
at  the  two  dead  points  already  described,  to  the  full  effect 
produced  in  the  two  positions  where  they  are  at  right  angles. 
In  consequence  of  this  varj'ing  leverage,  by  which  the  force 
with  which  the  connecting  rod  is  driven  by  the  steam  is  trans- 
mitted to  the  axle  on  which  the  crank  revolves,  a  correspond- 
ing variation  of  speed  would  necessarily  be  produced  in  the 
motion  imparted  to  the  crank.     The  speed  at  tlic  dead  points 
would  be  least,  being  due  altogether  to  the  momentum  already 
imparted  to  the  revolving  mass  of  the  crank  and  axle  ;  and  it 
would  gradually  increase  and  be  greatest  at  the  points  where 
the  effect  of  the  crank  on  the  connecting  rod  is  greatest. 
Although  this  change  of  speed  would  not  affect  the  actual  me- 
ehanicaJ  eificacy  of  the  machine,  and  altliough  the  some  quan- 
tity of  steam  would  perform  the  same  work  at  the  varying 
velocity  as  it  would  do  if  the  velocity  were  regulated,  yet  this 
fariation  of  speed  would  be  incompatible  with  the  purposes 
to  which  it  was  now  proposed  that  the  steam  engine  should 
be  applied  in  manufactures.     In  these  a  regular  uniform  mio- 
tion  should  be  imparted  to  the  main  axle. 

(123.)  One  of  the  expedients  which  Watt  proposed  for  the 
attainment  of  this  end  was,  by  placing  two  cranks  on  tlie  same 
axle,  in  different  positions,  to  be  worked  by  different  cylin- 
fiers^  so  that  while  one  crank  should  be  at  its  dead  points,  the 
other  should  be  in  the  attitude  most  favourable  for  its  action. 
This  expedient  has  since,   as  we  shall  see,  been  carried  into 

■fleet  in  steam  vessels ;   but  one  more  simple  and  efficient 

>resented  itself  in  the  use  of  b.  Jiy~u;heel. 
On  the  main  axle  driven  by  the  crank  Watt  placed  a  large 
"wheel  of  metal,  as  represented  in  Jig.  43.,  called  k  Jiy-wheeL 
This  wheel  being  well  constructed,  and  nicely  balanced  on  its 
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axle,  wu  subject  to  very  little  resiitanoe  from  friction ;  nay 
moving  force  which  it  would  receive  it  would  therefore 
retain,  and  would  be  ready  to  impart  such  movinp  force  to 
the  main  axle  wht-nevcr  that  axle  ceased  to  be  driven  bj  the 
power.  When  the  crank,  therefore,  is  in  those  positioni  in 
wliich  the  action  of  tlie  power  upon  it  is  most  elficicnt,  a 
portion  of  the  energy  of  the  power  is  expended  in  increanng 
the  velocity  of  the  mass  of  matter  composing  the  Jly-wbe«L 
Ajb  the  crank  approaches  the  dead  points,  tlie  effect  of  tb* 
moving  power  upon  the  axle  and  upon  the  crank  is  grndually 
enfeebled,  and  at  these  points  vanishes  altogetlier.  The 
momentum  which  lias  been  imparted  to  ihc  fly-wheel  then 
comes  into  play>  and  carries  forward  the  axle  and  crank  out 
of  the  dead  points  with  a  velocity  very  little  less  than  that 
which  it  had  when  the  crank  was  in  the  most  favourable 
position  for  receiving  the  action  of  the  mo\ing  powi-r. 

By  tliis  expedient,  the  motion  of  revolution  received  hy 
the  axle  from  the  steam  piston  is  subject  to  no  other  variatian 
than  just  the  amount  of  change  of  momentum  in  the  great 
mass  of  the  fly-wheel,  which  is  suflicient  to  extricate  the  crank 
twice  in  every  revolution  from  the  mechanical  dilemma  to 
which  ita  peculiar  form  exposes  it ;  and  this  change  of  velocity 
may  be  reduced  to  as  small  an  amount  as  can  be  requisite  by 
giving  the  necessary  weight  and  magnitude  to  the  fly>wheeL 

(li!4.)  By  such  arrangements  tl»c  motion  ini|>arlcd  to  the 
main  axle  k  would  be  uniform,  provided  that  the  moving 
power  of  the  engine  be  always  proportionate  to  the  load  which 
it  drives.  But  in  the  general  application  of  tlie  steam  engino 
to  manufactures  it  was  evident  that  tlic  amount  of  the  resistance 
to  which  any  given  machine  would  be  subject  must  be  liable 
to  variation.  If,  for  example,  the  engine  drive  a  cotton-mill, 
it  will  have  to  impart  motion  to  all  (he  spinning  frames  in  that 
milh  The  operation  of  one  or  more  of  these  may  from  time 
to  time  be  suspended,  and  the  moving  power  would  be  re^ 
licved  from  a  corresponding  amount  of  resistance.  If,  und^r 
such  circiunstances,  tlie  energy  of  the  moving  power  remained 
the  same,  the  velocity  with  which  the  machines  would  be 
driven  would  be  subject  to  variation,  being  increased  when- 
ever the  operation  of  any  portion  of  the  machines  usually 
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diiven  by  it  is  suspended  ;  and,  on  the  other  hand,  diuuniah- 
ed  when  any  increased  number  of  machines  are  brought  into 
operation.  In  fine,  the  speed  would  varj-  nearly  in  the  inverse 
proportion  of  the  load  driven,  increasing  as  the  load  is  diwi- 
oisbed,  and  vice  cersd. 

On  the  other  hand,  supposing  that  no  chsnge  took  place  in 

the  amount  of  the  load  driven  by  the  engine,  and  that  the 

»me  number  of  machines  of  whatever  kind  would  hare  to  be 

continually  driven,   the  motion   imparted  to   tbp   main  axle 

would  still  be  subject  to  variation  by  the   changes   ine^-itable 

to  the  moving  power.    The  piston  of  the  engine  being  subject 

loan  unvaried  rc-sii^tance,  a  imifurm  motion  cuuld  only  he  im- 

[•rled  to  it,  by  maintaining  a  corresponding  unifonnity  in 

tiw?  impelling  power.     This  would  require  a  uniform  supply 

of  steam  from  the  boiler,  which  would  fiu-ther  imply  a  luiifomi 

ale  of  evaporation  in  tlie  toiler,  unless  means  were  provided 

Ib  ibe  admission  of  steam  from  the  boiler  to  the  cylinder  to 

piCTent  any  excess  of  steam  which  might  be  produced  in  the 

boflerfrom  reaching  the  cylinder. 

This  end  was  atuiined  by  a  contrivance  afterwards  called  the 
llntUe-valce.  An  axis  a  b  (^gs.  SO,  +0.)  was  placed  across 
tlie  steam  pipe  in  a  ring  of  cast-iron  d  e, 
of  proper  thickness.  On  this  axis  was  fas- 
tened a  tliin  circular  plate  t,  of  nearly 
the  same  diameter  as  the  steam  pipe.  On 
the  outer  end  B  of  this  axle  was  placed  a 
short  lever  or  handle  b  c,  by  which  it 
could  be  turned.  When  the  circular  plate 
T  was  turned  into  such  a  position  as  to  be 
at  right  angles  to  the  length  of  the  tube, 
it  stopped  tlie  passage  within  the  tube 
Jb  altogether,  so  that  no  stcAm  could  pass 
from  the  boiler  to  the  engine.  On  tlie  other 
hand,  when  the  handle  was  turned  through 
a  fourth  of  a  revolution  from  this  position, 
then  the  circular  plate  T  had  its  plane  in  the  direction  of  the 
Jeifth  of  the  tube,  so  that  its  edge  would  he  presented 
towards  the  current  of  steam  flowing  from  the  boiler  to  the 
cylinder.       In    that   position   the    passage   within   the   tube 
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would  be  necessarily  unobstructed  by  the  throttlc-ralve. 
In  intermediate  positiuus  uf  the  valve,  as  that  roprewntad  in 
fig*,  39,  40.,  the  passage  might  be  left  more  or  less  opened*  W 
that  steam  from  the  boiler  might  be  admitted  to  tiie 
cylinder  in  any  regulated  quantity  according  to  the  poaitioa 
given  to  the  lever  b  c. 

A  view  of  the  throttle-valve  taken  by  a  section  acro«s  the 
flteam  pipe  is  exhibited  in^.  4-0.,  and  a  twction  of  it  through 
the  axis  of  tlic  steam  pipe  is  represented  inj^.  3U.  lite 
form  of  the  valve  is  such^  that,  if  accurately  constructed,  the 
steam  in  passing  from  the  boiler  would  liave  no  effect  by  iu 
pressure  to  alter  any  position  which  might  be  given  to  the 
valve ;  and  any  slight  inaccuracy  of  form  which  might  give  ■ 
tendency  to  the  steara  to  alter  the  position  would  be  eaaily 
counteracted  by  the  friction  of  tlie  valve  upon  ita  axle.  T*he 
Utter  might  be  regulated  at  pleasure. 

By  this  expedient,  however  the  evaporation  of  water  in  the 
boiler  might  vary  within  practical  limits,  the  supply  of  steajn 
to  tJie  cylinder  would  be  rendered  regular  and  uniform.  If 
the  boiler  became  too  active,  and  produced  more  steam  than 
was  necessary  to  move  the  engine  with  ita  load  at  the  requi- 
site speed,  then  the  t{irottle-'\'alve  was  shifted  so  as  to  contract 
the  passage  and  limit  the  supply  of  steam.  If,  on  the  other 
liaiid,  the  process  of  evaporation  in  the  boiler  was  relaxed, 
then  the  throttle-volve  was  placed  with  its  edge  more  directed 
towaida  the  steam.  Independently  of  the  lioiler,  if  the  kwd 
on  the  engine  was  lightened,  then  thesaiuc  supply  of  steam  U> 
the  cylinder  would  unduly  accelerate  tlie  motion.  In  thi* 
caae*  likewise,  the  partial  clo^ng  of  the  tluxittle-valve  would 
limit  the  supply  of  steam  and  regulate  the  motion  ;  and  if^  on 
the  other  hand,  tlie  increase  of  load  upon  the  engine  rendered 
necessary  an  increased  supply  of  steam,  then  the  opening  of 
the  throttle-valve  would  accomplish  the  purpose.  By  these 
means,  therefore,  a  uniform  motion  might  be  maintained, 
provided  the  vigilance  of  the  engine-man  was  sufficient 
for  the  due  management  of  the  lever  b  c,  and  provided  that 
the  furnace  under  the  boiler  was  kept  in  suiScicnt  activity  to 
supply  the  greatest  amount  of  steam  which  would  be  necc»> 
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■ary  for  the  maintenance  of  a  uniform  motion  with  tlic  throt- 
Lte>valvc  fully  opened. 

(125.)  Watt,  however,  noon  perceived  that  the  proper 
manipulation  of  the  lever  B  c  would  be  iinpraeticable  with 
any  degree  of  vl^lance  and  skill  which  could  be  obtained 
from  the  persons  employed  to  attend  the  enffuic.  He,  there- 
fore, adapted  to  this  purpose  a  beautiful  appb'cation  of  a  piece 
of  mechanism,  which  had  been  previously  used  in  the  regu- 
lation of  mill-work,  and  which  has  since  been  well  known 
by  tlie  najne  of  the  Governor,  and  has  always  been  de8er\edly 
a  subject  of  much  admiration. 

The  governor  is  an  apparatus  by  which  the  axle  of  the 
fly-wheel  is  made  to  regulate  the  throttle-valve,  so  that  the 
llDonicnt  that  the  axle  bej^ins  to  increase  its  velocity,  it  shifts 
the  position  of  the  throttle-valve,  so  as  to  limit  the  supply  of 
sleaiu  from  the  boiler,  and  thereby  to  check  the  increaat;  of 
^«peed.  And  on  the  other  hand,  whenever  the  velocity  of  the 
axle  is  diminished,  tlie  lever  b  c  is  moved  in  the  contrary 
direction,  so  as  to  open  more  fully  the  passage  for  the  steam, 
and  accelerate  the  motion  of  the  engine. 

A  small  grooved  wheel  a  b  (JiffAl.)  is  attached  to  a  vertical 
spindle  supported  in  pivots  or  sockets  c  and  d,  in  wliich  it  is 
capable  of  revolving.  An  endless  cord  works  in  the  groove 
A  B,  and  is  carried  over  proper  pulleys  to  the  axle  of  the  fly- 
wheel, where  it  liki.>wisc  works  in  a  groove.  When  this  cord 
ii  properly  tightened  the  motion  of  the  fly-wheel  will  give 
motion  to  the  wheel  a  n,  so  that  the  velocity  of  the  one  will 
be  subject  to  all  the  changes  incidental  to  the  velocity  of 
tlic  other.  By  this  means  the  speed  of  the  grooved  wheel 
A  B  may  be  considered  as  representing  the  sjjced  of  the  fly- 
wheel, and  of  the  machinerj'  whirh  tlie  axle  of  the  fly-wheel 
drires. 

It  is  evident  that  the  same  end  might  he  attained  by  sub- 
ttitutii^  for  the  grooved  wheel  A  B  a  tootlied  wheel,  which 
might  be  connected  by  other  toothed  wheels,  and  proper 
ahafts,  and  axles  with  the  axle  of  the  fly-wheel. 

A  ring  or  collar  £  is  placed  nn  the  upright  spindle,  so  as 
to  be  capable  of  moving  freely  upwarcbt  and  downwards.  To 
Uiis  ring  arc  attached  by  pivot«  two  short  levers,  e  f,  the 
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pivots  or  jointa  at  e  aliowing  these  Icren  to  play  upon  thexn. 
At  F  these  levers  are  joined  by  pivots  to  other  \e\Tn  w  a, 
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which  cross  each  other  at  n,  where  an  axle  or  piu  posse* 
through  thein,  and  attaches  tJiem  to  tlie  upright  spiiullc  c  o. 
These  uitersecting  levers  are  capable,  howovcrt  of  playing  on 
this  axle  or  pin  H.  To  Uic  end*  G  of  thcM;  Icvurs  are 
Attached  two  heavy  balls  of  metal  i.  The  levers  f  o  pan 
through  slits  in  a  metallic  arch  attached  to  tlie  upright  spindle^ 
so  as  to  be  capable  of  revohing  upon  it.  If  the  balls  i  are 
drawn  outwards  from  tlie  vertical  axii),  it  ia  evident  that  llie 
ends  P  of  the  levers  will  be  drawn  down,  and  therefore  the 
pivotJi  E  likewise  dra\%-n  down.  In  fact,  the  angles  K  r  u  will 
become  more  acute,  and  the  angle  f  e  f  more  obtuse.  Bj 
these  means  tlte  sliding  ring  e  will  be  drawn  down.  To  this 
sliding  ring  e,  and  immediately  almve  it,  is  attached  ■  groored 
collar,  which  slides  on  the  vertical  spindle  upwards  and  down- 
wards with  the  ring  e.  In  the  grooved  collar  are  inserted  the 
prongs  of  a  fork  k,  formed  at  the  end  of  the  lever  K  L,  the 
fulcrum  or  pivot  of  the  lever  being  at  h.  By  this  armngo- 
mcnt,  when  tlie  divergence  of  the  balls  i  causes  the  eoUar  K  to 
be  drawn  down,  the  fork  k,  whose  prongs  arc  insi-rii-d  in  the 
groove  of  that  collar,  is  likewise  (brawn  down  ;  and,  on  the 
other  hand,  when,  by  reason  of  the  balls  I  falling  towards  the 
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Tertical  spindle^  the  collar  E  is  raised,  the  fork  k  is  likewise 
raided. 

The  ascent  and  descent  of  the  fork  k  necessarily  produce 
A  contrary  motion  in  the  other  end  n  of  the  lever.  This 
end  is  connected  by  a  rod,  or  system  of  rods,  with  the 
end  M  of  the  short  lever  wliich  works  the  thrott]e-vulvo 
T.  By  such  means  the  motion  of  llic  balls  i,  towards  or  from 
the  vertical  spindle,  produces  in  the  throttle-valve  a  corre- 
sponding motion  ;  and  they  are  so  connected  that  t!ic  diverg- 
ence of  the  balls  i  will  cause  the  throttle -%-alve  tt)  close,  while 
their  descent  towards  the  vertical  spindle  will  cause  it  to 
open. 

These  arrangements  being  comprehended,  let  us  suppose 
that,  either  by  reason  of  a  diminished  loud  upon  the  engine 
or  an  increased  activity  of  tlie  boiler,  the  speed  has  a  tendency 
to  increase.  This  would  unpart  increased  velocity  to  tlie 
grooved  wheel  a  b,  which  would  cause  the  balls  i  to  revolve 
with  an  accelerated  speed.  The  centrifugal  force  which 
attends  their  motion  would  therefore  give  them  a  tendency  to 
move  from  the  axle,  or  to  diverge.  This  would  cause,  by 
the  means  already  explained,  the  throttle-valve  t  to  be 
partially  closed,  by  which  the  supply  of  steam  from  the  boiler 
to  the  cylinder  would  be  diminished,  and  the  energy  of  the 
moving  power,  therefore,  mitigated.  The  undue  increase  of 
speed  would  thereby  be  prevented. 

If,  on  the  other  liand,  either  by  an  increase  of  the  load,  or 
a  diminished  activity  in  the  boiler,  the  speed  of  the  machine 
^was  lessened,  a  corresponding  diminution  of  velocity  would 
ke  place  in  the  grooved  wheel  a  b.  This  would  cause  the 
balls  I  to  revolve  with  less  speed,  and  the  centrifugal  force 
produced  by  tlieir  circidar  motion  would  be  diminished.  This 
force  being  thus  no  longer  able  fully  to  counteract  their 
gravi^*,  they  would  fall  towards  the  spindle,  which  would 
cause,  as  already  explained,  the  throttle-valve  to  be  more  fully 
opened.  This  would  produce  a  more  ample  supply  of  steam 
to  the  cylinder,  by  wliich  the  velocity  of  the  machine  would  be 
rest^ired  to  its  proper  amount. 

(126.)  The  prmciple  which  renders  the  governor  so  perfect 
a  regulator  of  the  velocity  of  the  machine  is  difficult  to  be 
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expUinecl  wiOiout  having  rccourae  to  the  aid  of  the  technical 
language  of  mathematical  physics.  As,  however,  t)ii8  insLru> 
mcnt  is  of  such  jfreat  practical  importance,  and  has  attracte<J 
such  general  admiration,  it  may  bo  worth  while  licrc  lo 
attempt  to  render  intelligible  the  mechanical  principle*  which 
govern  its  operation.     Let  s  {Jig.  42.)  be  tiie  point  of  aru»- 
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pension  of  a  common  |Hrnduliun  s  P,  uul  let  P  o  X  be  the  arch 
of  its  vibration,  so  tluit  the  ball  p  shall  swing  or  vibnit<^ 
alternately  to  the  t.-a»t  and  tu  tlie  west  of  the  lowest  point  o, 
through  the  arches  o  r'  and  o  P.  It  is  a  property  of  such  an 
instrument  that,  provided  the  arch  in  which  it  vibrates  be  not 
considerable  in  magnitude,  the  time  of  its  vibration  will  be 
tlie  same  whedicr  the  arch  be  long  or  short.  ThuH,  for  ex- 
ample, if  the  pendulum,  instead  of  nbrating  in  the  arch  p  f'^^ 
vibrated  in  the-  arch  p  p',  the  time  which  it  would  take  toi^ 
perform  its  vibrations  would  be  tlie  same.  If,  however,  the 
magnitude  of  the  arch  of  \ibration  be  increased,  then  a 
ation  will  take  place  in  the  time  of  vibration  ;  but  unle« 
arch  of  vibration  be  considerably  increased,  this  variation^ 
nut  be  great. 

Now  let  it  be  supposed  that  while  the  pendulum  P  p' 
tinues  to  vibrate  east  and  west  through  the  arch  p  r',  it  shaS^ 
receive  such   an  impulse  from  north  and   south  as  would, 
if  it  were  not  in   a  state   of  previous  vibration,  cause  it  to 
inbrate  between  north  and  south,  in  an  arch  Himilur  tu  the 
arcli  p  p*.     This  second  vibration  between  north  and  south 


would  not  prevent  Uio  coiitmuaiicc  of  the  other  vibration  be- 
tween east  and  west ;  but  the  hall  p  would  be  at  the  same 
time  aiTeeted  by  both   vibrationii.     While,    in   virtue   of  the 
vibration  from  cost  to  west,  tlie  ball  would  swing  from  !■  to 
P*,  it  would,  in  Wrtue  of  the  other  vibration,  extend  its  motion 
tcwanls  the  north  to  a  distance  from  the  line  Vf  e  equal  to 
half  a  vibration,  and  will  return  from  that  diiitance  again  to 
^  position  r'.     Wliile  returning  from  p'  to  r,  its  sccuud 
vibration  will  carry  it  towards  the  south  to  an  equal  distance 
w  the  southern  side  oi'  w  e,  and  it  will  return  again  to  the 
povition  p.      If  the  combination  of  these  two  motions  or 
vibrations  he  attentively  considered,  it  will  be  perceived  that 
tiie  effect  ou  tlie   ball  will  be  a  circular  motion,  precisely 
sbilar  to  the  circular  motion  of  tlie  balls  of  the  governor 
already  described. 

^W  the  time  of  vibration  of  the  pendulum  a  p  between 
•W  and  west  will  not  in  any  way  be  aifectcd  by  the  second 
vibration,  which  it  is  supposed  to  receive  between  north  and 
"'•uth,  and  therefore  the  time  the  pcndiUum  takes  iii  moving 
"™D  p  to  p'  and  back  again  from  p'  to  p  will  be  the  same 
^wther  it  shall  have  simultaneously  or  not  the  other  vibration 
"^Iween  north  and  south.  Hence  it  follows  that  the  time  of 
"Solution  of  the  circular  pendulum  will  be  equal  to  tlie  time 
w  similitr  vibrations  of  Uie  same  pendidum,  if,  instead  of 
"•ving  a  circular  motion,  it  were  allowed  to  vibrate  in  the 
■banner  of  a  common  pendulum. 

If  this  point  be  understood,  and  if  it  also  be  remembered 
^^t  die  time  of  vibration  of  a  common  pendulum  is  aeces- 
•Wily  the  same  whether   the   arch   of  vibration  he   small  or 
Sicat,  it  will  be  easily  perceived  that  the  revolving  pendulum 
<*  governor  will  ha\e  nearly   the  same  time  of  revolution 
whether  it  revolve  in  a  large  circle  or  a  small  one:   in  other 
Words,  whether  the  halls  revolve  at  a  greater  or  a  less  distance 
from  the  central  spindle  or  axis.     This,  however,  is  to  be  un- 
derstood only   approximately.     When  the  angle  of  diverg- 
ence of  the  balls  is  as  considerable  as  it  usually  is  in  governors, 
the  time  of  rt^volution  at  different  distances  from  the  axis  will 
therefore  be  subject  to  some  variation,  but  to  a  very  small 
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The  centrifugal  force  (which  is  the  name  given  in  mechanic 
to  tiiat  influence  which  inokos  a  body  revohing  in  ft  circle  (tfl 
from  the  centre)  depends  conjointly  on  the  velocity  of  rero** 
lutiou,  and  on  the  distance  of  the  rcvoh'ing  body  from  the 
centre  of  the  circle.  If  ihc  velocity  of  revolution  b*.*  the 
same,  tht-u  the  centrLfugal  force  will  increase  in  the  same  pro- 
portion BB  the  distance  of  the  revolving  body  from  the  centre. 
If,  ou  the  otlier  hand,  the  distance  of  the  revolnng  body 
the  centre  remain  the  same,  tlie  centrifugal  force  i^iil  inct 
in  the  same  proportion  as  the  square  of  the  time  of  Tibnition 
diminishctt,  or,  in  otlier  words,  it  will  incrcaac  in  tlie  Nunr 
proportion  as  the  square  of  the  number  of  revolutions  per 
minute.  It  follows  from  this,  therefore,  that  the  greater  is 
the  divergence  of  tiie  balls  of  tlie  governor,  and  the  mora 
rapidly  they  revolve,  the  greater  will  bo  their  centrifugal 
force.  Now  this  centrifugal  force,  if  it  were  not  counter- 
)>alanced,  would  give  the  halls  a  constant  tendency  to  recede 
from  the  centre  ;  but  from  the  construction  of  the  apparatus, 
tlic  further  they  are  removed  from  the  centre  the  greater  will 
be  the  effect  of  their  gravitation  in  resisting  the  centrifugal 
force. 

It  is  evident  that  the  ball  at  F  will  have  a  greater  tendency 
to  fall  by  gravitation  towards  o  than  it  would  have  at  p,  bo* 
cause  (he  acclivity  of  the  arch  descending  towards  o  at  r  t* 
greater  than  its  acclivity  at  p.  The  grantation,  therefore,  or 
tendency  of  the  ball  to  fall  towards  the  central  axu  being 
greater  at  P  than  at  p  it  wnll  be  able  to  resist  a  greater  cen- 
trifugal force.  Tlu*  increased  centrifugal  force,  wliich  the 
ball  would  have  revolving  at  the  distance  P  aborc  what  it 
woiUd  have  at  the  distance  p,  is  produci-d  [lartly  by  the 
greater  distance  of  the  ball  from  the  central  axis,  and  partly 
by  the  greater  velocity  of  its  motion.  But  it  will  be  evident 
that  the  time  of  its  revolution  may  neverllieless  be  the  some, 
or  nearly  the  same,  at  both  distances.  If  it  should  appear 
that  the  actual  velocity  of  its  motion  of  revolution  at  r  be 
greater  tliaii  its  velocity  at  p,  in  the  same  proportion  as  the 
circles  in  which  they  revolve,  then  it  is  evident  that  the  time 
of  revolution  would  be  as  much  increased  by  the  greater 
apace  which  f  will  liave  to  travel  over,  as  it  will  have  to  be 
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dumiusbed  by  the  greater  speed  with  which  tliat  space  is 
mrersed.  The  time  of  revolution,  therefore,  may  be  tlie 
tame,  or  nearly  the  same,  in  butli  cases. 

If  this  explanation  be  comprehended,  it  will  not  be  difficult 
to  apply  it  to  the  actual  case  of  the  governor.  If  a  sudden 
increase  ul'  the  energy  of  tlie  moving  power,  or  a  diminution 
of  the  load,  should  give  the  maclune  an  iucrcased  velocity, 
then  the  increased  speed  of  the  halls  of  the  govenior  will  give 
them  an  increasicd  centrifugal  force,  which  for  tlie  moment 
will  be  greater  than  the  tendency  of  their  grantation  to  make 
them  fall  towanU  the  vertical  axis.  This  centrifugal  force, 
therefore,  prevailing,  the  balls  ^vill  recede  from  tlie  axis ;  but 
as  they  recede,  their  gra\-itation  towards  the  vertical  axis 
will,  as  has  been  already  explained,  be  increased,  and  will 
become  equal  to  the  centrifugal  force  produced  by  Uie 
incrL'ajted  velocity,  provided  that  velocity  do  not  exceed 
a  certain  limit,  Wlien  the  balls,  by  diverging,  get  such 
increased  gnuitatiou  as  to  balance  the  centrifugal  force,  then 
they  will  continue  to  revolve  at  a  fixed  distance  from  the 
vertical  axis.  When  this  happens,  the  time  of  the  revoludon 
must  be  nearly  the  same  as  it  was  l^eforc  their  increased 
divergence ;  in  oilier  words,  the  proportion  of  the  moving 
power  to  the  load  will  bo  so  restored  by  the  action  of  the 
lerera  of  the  govenior  on  the  tluottle-valve  tliat  the  machine 
will  move  at  its  former  velocity,  or  nearly  so. 

The  principle  on  which  llie  governor  acts,  as  just  explained, 
necesaarily  supposes  temporary'  disarrangements  of  the  speed. 
In  fact,  the  governor,  strictly  .s[K.uking,  does  not  maintain 
a  uJiiform  veloci^,  but  restores  it  after  it  has  been  dis- 
turbed. Wlicn  a  sudden  change  of  motion  of  the  engine 
takes  place,  the  governor  being  immediately  affected  will 
cauM  a  corresponding  alteration  in  the  tlirottle-valve ;  and 
this  will  not  merely  correct  the  change  of  motion,  but  it  will, 
as  it  were,  overdo  it,  and  will  cause  a  derangement  of  speed 
of  the  opposite  kind.  Thus  if  the  speed  be  suddenly  in- 
creased to  an  undue  amount,  then  the  governor  being  affected 
will  first  close  the  throttle -valve  too  much,  so  as  to  reduce 
the  speed  below  the  proper  limit.  This  second  error  will 
again  aifect  the  governor  in  the  contrary  way,  and  the  speed 
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will  again  be  increased  rather  too  much.  In  this  fWf 
successiun  of  alterations  of  effect  will  cusuc  until  the  governor 
settles  down  into  that  position  in  which  it  vrilt  maintjun  th« 
engine  at  the  proper  speed. 

To  prevent  the  inconvenience  which  would  attend  an/ 
excess  of  such  variations,  the  go\'eniur  is  made  to  net  with 
great  delicacy  on  the  throttle-valve,  w>  that  even  a  consider- 
able chauf^e  in  the  divergence  of  the  balls  shall  not  produce 
too  much  alteration  in  the  opening  of  that  valve :  the  ateam 
in  the  boiler  should  liave  at  least  2  Iba.  per  aquare  indi 
pressure  more  than  is  genendly  required  in  the  cylinder. 
T\w  excess  is  necessary'  to  afford  scope  fur  lliat  extent  of 
variation  of  the  power  which  it  is  the  duty  of  the  throttle- 
valve  to  regulate. 

The  governor  is  usually  so  adjusted  us  to  make  thirty'<ix 
revolutions  per  minute,  when  in  uniform  motion ;  but  if  tlie 
motion  is  increased  to  the  rate  of  tliirty-nine  revolutions,  the 
balls  will  fly  to  the  utmost  extent  allowe<l  them,  being  tlir 
limitation  of  the  grooves  in  which  their  rods  move ;  and  if,  ofi 
the  other  hand,  the  speed  be  diminished  to  thirty-four  re>'o- 
lutions  per  minute,  they  will  collapse  to  the  lowest  extent  of 
their  play.  The  duty  of  the  governor,  tliercfore,  is  to  convct 
mnaller  casual  derangements  of  the  velocity ;  but  if  any  per- 
manent change  to  a  considerable  extent  be  made  eitlier  in 
the  load  driven  by  the  maehine  or  in  the  monng  power  aup- 
plied  to  it  from  the  boiler,  then  a  permanent  change  is 
neceiMry  to  be  made  in  the  connection  between  the  goremor 
and  the  throttle-valve,  so  as  to  render  the  governor  capable  of 
regulating  tliose  smaller  changes  to  which  the  speed  of  the 
machine  is  liable. 

(1£7.)  Having  thiLS  explained  the  principal  meclianical  ccm- 
trivances  provided  by  Watt  for  the  maintenance  and  reguUtioo 
of  the  rotatory  motion  to  be  produced  by  his  doublc-actiog 
steam  engine,  let  us  now  consider  the  machine  as  a  whole,  uid 
investigate  the  process  of  its  operation.  A  section  of  this 
engine  is  represented  in^.  43. 

Steam  is  supplied  from  the  boiler  to  the  cylinder  by  the 
iteam  pipe  s.  The  throttlc-valve  r  in  that  pipe,  near  the 
cylinder,  is  regulated   by  a  s^-stem  of  levers  connectcMl  with 
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tike  (fovemoT.     The  piston  P  is  accurately  fitted  in  the  sti'-am 
cylinder  c  by  packing,  as  already  described  in   the  single- 
acting  engme.     Tliis  piston,  as  it  moves,  divides  the  cylinder 
into  two  comiMirtnients,  between  which  there  is  no  connimni- 
cation  by  which   steam  or  any  other  elastic  fluid  caji  pass. 
The  upper  Bteain  box  B  is  divided  Into  three  comportments 
by  the  two  valves.   Above  the  upper  steam  valve  v  is  a  com- 
partment communicating  with  the  steam  pipe ;  below  tlic  upper 
exhausting   valve  E  is  another  compartment  communieatiujf 
with  the  eduction  pipe  which  leads  to  the  condenser.    By  the 
valves  V  and  e  a  couimuiiication  may  be  opened  or  closed 
between  the  boiler  on  tlie  one  hand,  or  the  condenser  on  the 
other,  and  the  top  of  the  cylindt-r.     The  continuation  s'  of 
the   steam   pipe    leads   to    the    lower   box    b',    which,    like 
the     upper,  is    divided    into    three  compartments  by    two 
Tea  v'  and  e'.      The  upper  compartment  conmiunicates 
with  the  steam  pipe,  and  lliereby  with  the  boiler;  and  the 
lower    compartment  communicates  with  the  eduction    pipe, 
and  thereby  with  tlie  condenser.    By  means  of  the  two  valves 
v'  and  e',  a  communication  may  be  opened  or  closed  between 
the  steam  pipe  on  the  one  hand,  or   tlie  exliausting  pipe  on 
the  other,  and   the  low^er  part  of  the  cylinder.     The  four 
vaives  V,  E,  v',  and  e*  arc  connected   by  a  system  of  levers 
with  a  handle  or  spanner  m,  which,  being  driven  downwards 
or  upwards,  is  capable  of  opt-ning  or  closing  the  valves  in 
pairs,    in  the  manner  already  described  (116.).     The   con- 
densers, tlie  air-pump,   and  the  liot-wuter  pump,   are  in  all 
mpects  similar  to  tho.ie  already  described  in  the  single-acting 
engine,  except  that  the  condensing  jet  is  governed  by  a  lever 
I,  by  which  it  is  allowed  to  play  continually  in  the  condenser, 
and  by  which  the  quantity  of  water  admitted  through  it  is 
r^ulated.    The  cold-water  pump  n  is  worked  by  the  engine 
as  already  descriV'd  in  the  single-acting  engine,  and  supplies 
the  cistern  in  which  the  air-pump  and  condenser  are  sub- 
merged, so  as  to  keep  down  its  temperature  to  the  proper 
Hmit     On  the  air-pump  rod  r  are  two  pins  properly  placid, 
so  as  to  strike  the  spanner  tw,  upwards  and  downwards,  at  tliL* 
proper  times,  when  tlie  piston  approaches  the  tenniimtion  of 
the  stroke  at  the  top  or  bottom  of  the  cylinder.    The  pump  t 
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conducts  tlie  warm  water  drawn  by  the  air-pump  from  the- 
condenser  ro  a  proper  reservoir  for  feedinfj  (he  hoilcT.     Thp 
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vertical  motion  of  the  piston-rod  in  a  straight  line  is  rendered 
compatible  with  tiie  circular  motion  of  the  end  of  the  beam 
by  the  i>anillel  motion  ah'i'ady  described.  Tlie  point  A»  on 
the  beam,  moves  upwards  and  downwards  iu  a  circular  arch^ 
of  which  the  axis  of  the  beam  is  the  centre.  In  like  m&nni 
tbc  point  d  of  the  rod  d  c  moves  upwards  and  duwuwanlst  in 
a  similar  arch  of  which  the  fixed  pivot  c  is  the  centre,  Tl» 
joint  or  bar  db,  wliicli  joins  these  twu  pivots,  will  be  moved 
so  that  its  middle  point  e  will  ascend  and  descend  nearly  in 
a  straight  line,  as  has  been  akeady  ex{)Iaincd  (lJM).)f    op- 
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posite  this  point  e  is  attached  tlie  piston-rod  of  the  air-pump, 
which  in  accordingly  giiitled  upwards  and  downwards  by  this 
means.  The  jointed  purnllelu^rain  hdgf  is  attachL-d  to  the 
beam  by  pivots  ;  and,  as  luia  been  explained  (ISO.),  the 
point  g  will  be  moved  upwards  and  downwards  in  a  stniight 
line,  through  twice  the  spaco  through  w}iich  thy  point  e  i« 
mored.  To  the  point  cf  the  rod  of  the  steam  piston  is  at- 
led.  Thua,  the  rods  of  tlje  Hteam  pistnn  and  air-pump 
moved  by  the  same  system  of  jointed  bars,  and  moved 
through  spaces  which  are  in  the  proportion  of  t^vo  to  one. 

Ahhough  this  system  of  jointed  rods  forming  the  parallel 
motiou,  appears  in  tiic  figure  to  consist  only  of  one  parallel- 
Off^m  bdgf,  and  one  rod  c  d,  called  the  radius  rwl,  it  is,  in 
fiwt,  double,  a  similar  parallelogram  and  radius  rod  being  at- 
tached tu  corresponding  points,  and  in  the  same  maimer  on 
the  other  aide  of  the  beam  ;  but  from  the  view  given  in  the 
cut,  the  one  set  of  rods  hides  the  other.  The  two  systems 
of  rods  thus  attached  to  opposite  sides  of  the  beam  at  several 
inches  asunder,  are  connected  by  cro8s  rods,  the  ends  of  which 
form  the  pivots  or  joints,  and  extend  between  tlic  parallelo- 
grams. The  ends  of  these  rods  are  only  \'isible  in  the  figure. 
It  is  to  tlte  middle  of  one  of  theiie  rods,  the  end  of  which  a 
represented  at  e,  that  the  air-pump  piston-rod  is  attached ; 
and  it  is  to  the  middle  of  another,  tlie  end  of  whlcli  is  repre- 
sented at  g,  that  the  steam  piston-rod  is  attached.  Tliese  two 
piston-rods,  therefore,  are  driven,  not  inmiediately  by  either 
of  the  parallelograms  forming  the  parallel  motion,  but  by  the 
bars  extending  between  thent. 

To  the  working  end  of  the  beam  ii  is  attached  a  rod  of  cast- 
iron  o,  called  the  connecting  rod,  the  lower  end  of  which  is 
attached  to  the  crank  by  a  pivot.  The  weight  of  the  con- 
necting rod  is  so  made,  that  it  shall  balance  the  weight  of  the 
pistou-rods  of  the  air-pump  and  cylinder  on  the  other  side  of 
the  beam  ;  and  tlie  weight  of  the  piston-rod  of  the  cold-water 
pump  N  nearly  balances  the  weight  of  the  piston-rod  of  the 
tot-water  pump  l.  Thus,  so  far  as  the  weights  of  the  ma- 
chinery are  concenied,  the  engine  is  in  equilibrium,  and  the 
piston  would  rest  in  any  position  indifferently  in  the  cylinder. 
The  axis  of  the  fly-wheel  on  which  the  crank  is  forme<l  is 
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square  in  the  middle  part,  where  tlie  fly-wheel  is  attached  to  it, 
but  has  cvHiidrical  necks  at  each  end,  wliicli  rest  In  socketa  ur 
Ueuxings  supported  by  the  framing  of  the  machine,  in  which 
■ockcts  the  axia  revolvea  freely.  On  the  axle  of  the  cimuk 
is  placed  the  fly-wheel,  and  eonneeted  -nith  its  axle  ift  the 
governor  q,  which  regulate:)  tlie  tliruttle-valve  t  in  tlie  manner 
already  described. 

Let  U8  now  suppose  the  engine  to  bo  in  full  opemtion. 
The  piston  being  at  tlie  top  of  the  cylinder,  the  spanner  m 
will  be  raised  by  the  lower  pin  on  the  air-pump  rod,  and  Lhr 
upper  steam  valve  v,  and  the  lower  exhausting  valve  tf,  will 
be  opened,  while  tlic  upper  exhausting  valve  e  and  the  lower 
steam  valve  v'  are  closed.  Steam  will,  therefore,  be  admitted 
above  the  piston,  and  the  steam  which  filled  the  cylinder  below 
it  will  be  drawn  off  to  the  condenser,  where  it  will  bo  con- 
verted into  water.  The  piston  will,  therefore,  be  arg»d  by 
the  pressure  of  the  steam  above  it  to  the  bottom  of  the 
cylinder.  As  it  approaches  that  limit,  the  spanner  m  will  be 
struck  downwards  by  the  upper  pin  on  the  air-pump  rod,  and 
the  valves  v  and  e'  will  he  closed,  and  at  the  same  time  tbr 
lower  steam  valve  \''  and  the  upper  exhausting  valve  r  will  be 
opened.  Steam  will,  llierefore,  be  admitted  below  the  piston, 
while  the  steam  above  it  will  be  drawn  off  into  the  coodenKft 
and  converted  into  water.  The  pressure  of  the  steam,  tben>* 
fore,  below  the  piston  will  urge  it  upwards,  and  in  the  Mnw_ 
mamier  the  motion  will  be  continued. 

Wlule  this  process  is  goutg  on  in  the  cylinder  and  the 
denser,  the  water  fonned  in  the  condenser  will  be  gradi 
dravm  off  by  the  operation  of  the  air-pump  piston,  in  the  mnv 
manner  as  explained  in  the  single-acting  engine;  nnd  at  the 
same  time  the  htit  wnter  thrown  into  the  hot  well  by  the  air- 
pump  piston  will  be  carried  off"  by  the  hot-water  pump  l. 

Such  are  the  chief  circumstances  attending  the  continuance 
of  the  operation  of  the  double-acting  engine.  It  ia  only 
necessary  here  to  recall  wliat  has  been  already  explained 
respecting  the  operation  of  the  fly-wheel.  The  commence- 
ment of  the  motion  of  the  |)iston  from  the  top  and  bottom  of 
the  cylinder  is  produced,  not  by  tlic  pressure  of  tho  steam 
upon  it  upwards  or  dowiiwTirds,  which  must,  for  the  rettaons 
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aln-adj  explained,  be  entirely  incnicicnt ;  but  by  tbe  mo* 
meoium  of  ihe  fly-wheel,  which  extricates  the  cnuik  from 
those  po»lioi):i  ill  wltich  the  iiioviiig  power  cannot  affect  it. 

The  manuer  in  which  the  motion  of  the  crank  aiTects  the 
connecting  rod  at  the  dead  point^j  produces  an  effect  of  great 
iniportajicc  in  the  operation  of  the  Liigiue.  When  the  crank- 
{OQ  is  approactung  thti  lowest  point  of  its  play,  and  therefore 
the  piston  approaching  the  top  of  tbe  cylinder,  the  motion  of 
the  crank-pin  becomes  nearly  horizontal,  and  consequently  it« 
e{&ct  in  drawing  the  connecting  rod  and  the  working  end  of 
Uk  beam  doniiwardx  and  the  piston  iipwardi^,  is  extremely 
■DilL  The  conscqueucc  of  tliis  is,  that  as  the  piston  ap- 
pmcfaes  the  top  of  the  cylinder,  its  motion  becomes  very 
mpidly  retarded  ;  and  as  the  motion  of  the  crank-pin  at  its 
lowest  point  is  actually  horizontal,  the  piston  is  brought  to  a 
»to1fl  of  rest  by  this  gradually  retarded  motion  at  the  lop  of 
ihc  cjlinder.  In  like  manner,  when  the  crank-pin  moves 
frinn  its  dead  point  upwards,  its  motion  at  first  is  very  nearly 
norizoutal,  and  consequently  its  efR-ct  in  diiving  tJie  working 
Pod  of  the  beam  upwards,  and  the  piston  downwards,  is  at 
fim  very  small,  but  gradually  acecli-ratcd.  The  eifect  of  tliis 
Dpoii  the  piston  is,  that  it  arrives  at  and  departs  from  tlie  top 
of  tbe  stroke  with  a  very  siow  motion,  being  absolutely 
oftttight  to  rest  at  that  point. 

The  same  effect  is  produced  when  tbe  piston  arrives  at 
l'i«  bottom  of  the  cylinder.     This  retardation  and  suspension 
™  tlie  motion  of  the  piston  at  tbe  termination  of  the  stroke 
^mrJs  time  for  the  process  of  condensation  to  be  effected,  so 
ibM  when  the  mox-ing  power  of  the  steam  upon  the  piston 
^1  Come  into  action,  the   condensation  shall  be  sufllciently 
wiapleie.     As  the  piston  approiiches  the  top  nf  the  cylinder, 
i^d  its  motion  becomes  slow,  tlie  working  gear  is  made   to 
"pen  the  lower  exhausting  valve ;  tlie  steam  enclosed  in  the 
f>Iiiidcr  below  tlie  piston,  and  wliicli   has  just  driven   the 
piston  upwards,  presses  with  an  clastic  force  of  17  lbs.  per 
«iuarc  inch  on  every  part  of  the  interior  of  the  cylinder, 
while  the  uncondensed  vapour  in  the  condenser  presses  with 
0  force  of  about  2  lbs,  per  square  inch.     The  steam,  there- 
fore, will  have  a  tendency  to  rush  from  the  cylinder  to  the 
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condeiuor  tlurough  the  opeii  exhausting  vtlve,  vith  an  ex- 
cess of  prewjiire  amnunting  to  15  tbs.  per  square  incb»  while 
tbi*  piston  pauses  at  the  top  of  the  cylinder.  This  procew 
^oes  on,  and  when  tlie  piston  has  descended  by  the  motion 
of  tlic  lly-whccl,  a  sufficient  distance  from  the  ^top  of  thm 
cylinder  to  call  the  moving^  force  of  tlie  steam  into  action,  the 
exhaustion  will  be  complete,  and  the  pressure  of  the  uncun- 
denscd  vapour  in  the  cylinder  will  become  the  same  as  in  the 
condenser. 

The  pressiure  of  steam  in  tlie  cylinder,  and  of  uncondenaed 
vapour  in  the  condenser,  varies,  within  certain  limits^  in  dif- 
ferent engines,  and  therefore  tlic  amount  here  aangned  to 
thein  must  be  taken  merely  as  an  example. 

The  size  of  tlie  valves  by  which  llie  steam  is  allowed  to 
paas  from  the  cylinder  to  the  condenser  should  be  such  a*  to 
cause  Uie  condensation  tu  take  place  in  a  sufficiently  short 
time,  to  be  completed  when  the  steam  impelling  the  pisu>a  im 
called  into  action. 

Watt,  in  the  construction  of  his  engines,  made  the  ex- 
haustion-valves with  a  diameter  which  was  one  fifth  of  the 
diameter  of  the  cylinder,  and  therefore  the  actual  magnitude 
of  the  aperture  for  the  escape  of  the  steam  was  one  twenty- 
fiftli  of  tlie  magnitude  uf  tlic  cylinder;  but  the  spindle  of  the 
valve  diniinished  this  so  that  the  available  space  for  the 
escape  of  steam  did  not  exceed  one  twenty -seventh  of  the 
ina^itude  of  the  cybnder.  This  was  found  to  produce 
sufficiently  rapid  condensation. 

It  was  usual  to  make  the  steam  valves  of  the  same  ma^ 
nitode  as   the   exhausting    ^-alves,    but    the    flow   of    ste-aiB 
tlirough  the  fonner  was  resisted  by  the  throttle-valve,  whiie 
no  obstruction  was  opposed  to  its  passage  through  the  latter. 

The  rapidity  with  which  the  cylinder  must  be  exhausted 
by  the  condenser  will,  however,  depend  upon  the  %'clocity 
wnth  which  the  piston  is  moved  in  it.  The  magnitude,  there- 
fore, of  the  exhausting  valves  which  would  be  sufficient  for 
an  engine  which  acts  with  a  slow  motion  would  be  too  small 
wlierc  a  rapid  motion  is  required. 

In  the  single-acting  steam  engine,  where  tltc  moving  fc 
always  acted  downwards  on  the  piston,  the  pressure  u| 
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all  the  joints  of  the  machinery  by  which  the  force  of  the 
piston  wan  conveyed  to  thp  working  parts,  always  took 
place  in  tlie  same  direction,  and  conitcqucnily  whatever 
roi^ht  be  the  mechanical  connection  by  which  thf  several 
joints  were  formed,  the  pins  by  which  they  were  con- 
nected, must  always  come  to  a  bearing  in  their  respective 
sockets,  however  loosely  tht-y  may  have  been  titted.  For 
the  same  reason,  however,  that  the  arch  head  and  chain 
were  abandoned  as  a  means  of  connecting  the  steani  piston 
with  llie  beam,  and  the  parallel  motion  substituted,  it 
was  also  necessary  in  the  double-acting  engine,  where  all 
joints  whatever  were  driven  alternately  in  opposite  direc- 
tions, tu  tit  the  counccLing  pins  with  the  greatest  accu- 
racy in  their  sockets,  and  to  abandon  all  connection  of  the 
parts  by  chains.  If  any  sciisihlc  looseness  was  left  in  tlie 
joints,  a  nolent  jerk  would  be  produced  every  time  tlie  mo- 
tion of  tl»e  piston  was  reversed.  Any  looseness  cither  in  the 
pivota  or  joints  of  the  parallel  motion  of  the  working  beam, 
the  connecting  rod,  or  crank,  would,  at  everj'  change  of  stroke, 
be  so  accumulated  as  to  produce  upon  the  machinery  the 
effecta  of  peixus^jlon,  and  would  consequently  be  attended 
with  the  danger  of  straining  and  breaking  the  moveable  parts 
of  the  mechanism. 

To  secure,  therefore,  the  necessary  accuracy  of  the  joints, 
Watt  contrived  that  every  joint  in  the  engine  should  admit 
of  the  size  of  the  socket  being  exactly  adapted  to  the  size 
of  the  pin,  so  as  always  to  make  a  good  fitting  by  closing 
lite  socket  upon  the  pin,  when  any  looseness  would  be  pro- 
duced by  wear.  With  this  view,  all  the  joints  were  fitted 
n-ith  sockets  made  of  brass  or  gun-metal,  capable  of  adjust- 
ment. Kach  socket  was  composed  of  two  pieces,  accurately 
6tted  into  a  cell  or  groove,  in  which  one  of  the  brasses  can 
be  moved  towards  tlie  other  by  means  of  a  wedge  or  screw. 
Each  brass  has  in  it  a  semi -cylindrical  ca>-ity,  and  the  two 
cavities  being  op|)osed  to  each  other,  form  a  socket  for  the 
joint-pin.  One  of  the  two  brasses  can  always  be  tightened 
round  that  phi,  so  as  to  enclose  it  tight  between  the  two  semi- 
cylindrical  cavities,  and  to  prevent  any  looseness  taking  place. 
The  brasses,  and  other  parts  of  such  a  joint,  are  represented 
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in  Jig.  14.     TheAi*  joints  stUl   continue  to  br   mod   in    the 
engines  ns  nuw  cuiistructod. 

The  motion  of  ttic  workii^^  lieam,  and  the  pump-rod* 
which  it  drives,  and  of  the  connecting  rod,  ought,  if  the 
Pifi^A.  whole  were  constructed  with  perfect  precision,  to 
take  place  in  tlie  same  or  parallel  vertical  plane* ; 
but  tliis  supposes  a  perfection  of  execution  whidi 
could  hardly  have  been  expected  in  the  early 
maiiufaeture  of  such  engines,  whatever  may  Iwve 
been  attained  by  improvements  which  have  been 
since  made.  In  the  details  of  coustructioDt  Watt 
saw  that  there  would  be  a  liability  to  lateral  strain,  owing  lo 
tlio  planes  of  the  diflerent  motions  not  being  truly  vertical  and 
truly  parallel,  and  that  if  a  pro%ision  were  not  made  for  such 
lateral  motion,  the  machinery  would  be  subject  to  constant 
strain  in  its  joints  and  rapid  wear.  He  provided  against  this 
by  constructing  the  main  joints  by  wliich  the  great  working 
lever  was  connected  ivith  the  pistons  and  coimecting  rod,  sa 
as  to  form  muversol  jouits,  giving  freedom  of  motion  JatermOjr 
OS  well  as  vertically. 

The  great  lever,  or  working  beam,  was  so  called  from  being 
originally  made  from  a  beam  of  oak.  It  is  now,  however, 
universally  constructed  of  cast-iron.  Tlie  comiecting  rod  ia 
also  made  of  cast-iron,  and  attached  to  the  beam  and  to  tbe 
crank  by  axles  or  pivots. 

The  mechanism  by  which  the  four  valves  are  opened  and 
closed.  Is  subject  to  coneiderable  variation  in  different  ea- 
giues.  They  have  been  described  above  as  being  opened  and 
eloiicd  ttimultaiieously  by  a  single  lever.  Sometimes,  how- 
ever, they  are  opened  alternately  in  pairs  by  two  diatinet 
lovers  driven  by  two  pins  attached  to  tlie  air-pump  rod.  One 
pin  strikes  the  lever,  which  opens  and  closes  tlie  upper  steazo 
valve,  and  lower  exiiausting  valve ;  the  other  strikes  that 
which  opens  and  closes  the  low*er  steam  valve  and  upper  ex- 
iiausting valve. 

Since  the  date  of  the  earlier  double-acting  engines,  con- 
>tructed  by  Boulton  and  Watt,  a  great  varifty  of  mechanical 
expedients  have  been  practised  for  working  the  valves,  by 
which   the  steam   is  admitted  to  and  withdrawn  from   the 
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cylinder.  We  shall  hen;  describe  a  few  of  these  me- 
thods:— 

(128.)  The  method  of  working  the  valves  by  pius  ou  the  air- 
pump  rod  driving  levers  connected  with  the  valves  has  been,  in 
almost  all  modem  double-acting  niacliines,  superseded  by  tm 
apparatus  called  an  eccentric,  by  which  the  motion  of  tlio 
axle  of  the  Hy-wheel  is  made  to  open  and  close  the  valves  at 
the  proper  times. 

An  eccentric  is  a  metallic  circle  attached  to  a  rcvolTing 
axle,  so  tliat  the  centre  of  ihe  circle  shall  not  coincide  with 
the  centre  round  which  the  axle  revolves.  Let  us  suppose 
tliat  G  (^ff.  45.),  is  a  square  revoUing  shaft.     Let  a  circular 
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plate  of  metal  b  d,  having  its  centre  at  c,  have  a  square  hole 
cut  in  it,  corresponding  to  the  shaft  o,  and  let  the  shaft  o 
pasa  through  this  square  aperture,  so  that  the  circular  plate 
B  D  shall  be  fastened  upon  the  shaft,  and  capable  of  revolving 
with  it  as  the  shaft  revolves.  The  centre  c  of  tlie  circular 
plate  B  D  will  be  curried  round  the  centre  g  of  the  revolving 
diaft,  and  will  describe  round  it  a.  circle,  tlie  radius  of  which 
will  be  the  distance  of  the  centre  c  of  the  circular  plate  from 
the  centre  of  the  shaft.  Such  circular  plate  so  placed  upon  a 
shaJ'l,  and  revolving  vnth  it,  is  an  eccentric. 

Let  E  F  he  a  metaUic  ring,  formed  of  two  seniicircles  of 
Rtetal  screwed  togethi-r  at  ii,  so  as  to  be  capable,  by  the 
adjustment  of  tlic  screws,  of  liaving  the  circular  aperture 
iormed  by  the  ring  enlarged  and  diminished  within  certain 
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small  limits.  I^t  this  circolAr  aperture  be  supposed  to  be 
equal  to  the  magnitude  of  the  eccentric  d  d.  To  the  circular 
ring  p.  F  let  an  arm  L  m  he  attadied.  If  the  ring  E  P  be  placed 
around  the  eccentric  B  D,  and  that  the  screws  ii  be  so  adjusted 
as  to  allow  the  eccentric  b  d  to  revolve  within  the  ring  ■  r* 
then  while  the  eccentric  revolves,  the  ring  not  partaking  of 
iu  revolution,  the  arm  L  m  will  be  alternately  driven  to  thm 
right  and  to  the  left,  by  Hie  motion  of  the  centre  c  of  tLe 
eccentric  as  it  revolve*  round  the  centre  o  of  the  axle. 
When  the  centre  c  of  the  eccentric  is  in  ll»c  same  horizontal 
line  with  the  centre  n,  and  to  the  left  of  it,  then  the  poaition 
of  L  M  will  be  that  which  is  represented  in7S'^.4>5. ;  but  when, 
after  half  a  revolution  of  the  main  axle,  the  centre  c  of  the 
eccentric  is  thrown  on  the  other  side  of  the  centre  o,  then 
the  point  M  will  he  transferred  to  the  right,  to  a  distance 
equal  to  twice  the  distaucc  c  a.  Thus  as  the  eccentric  b  p 
leTolvea  within  the  ring  k  f,  that  ring,  together  with  the  arm 
LM,  will  lie  alteniatety  driven,  right  and  left,  through  a  space 
equal  to  twice  the  distance  between  the  centre  of  the  eccsentric 
and  llie  centre  of  the  revolving  shall. 

If  we  suppose  a  notch  formed  at  the  extremity  of  the  arm 
L  it,  which  is  capable  of  embracing  a  lever  N  m,  nmveable  on  a 
pivot  at  N.the  motionof  the  eccentric  would  give  to  such  a  lever 
an  altenialf  motion  from  right  to  left,  and  ricerer*a.  If  we  sup- 
pose another  lever  n  o  cunncK^ted  with  n  h,  and  at  right  angles 
to  it,  forming  what  is  called  a  bell-crank,  tlien  the  alternate 
motion  received  by  m,  from  right  to  left,  would  give  a  cor- 
responding motion  to  the  extremity  o  of  llie  lever  ?;  o,  up- 
wards and  downwards.  If  this  last  point  o  were  attached  to 
a  vertical  arm  or  shaft,  it  would  impart  to  such  arm  or  shaft 
an  alternate  motion  upwards  and  downwards^  the  extent  of 
which  would  be  regulated  by  the  length  of  the  levers  n»- 
apeclively.  ^^H 

By  such  a  contrivance  the  revolution  of  tlie  fly-wheel  sTu^; 
is  made  to  give  an  alternate  vertical  motion  of  any  re<juirrd 
extent  to  a  vertical  shaft  pkccd  near  the  cylinder,  whicli 
may  be  so  connected  with  tlie  valves  as  to  open  and  close 
them.  Since  the  upward  and  downward  motion  of  this  tcT' 
tical  shaft  is  guvrrned  by  tlie  alternate  motion  of  the  centre 
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c  to  the  rijfht  and  to  the  left  of  the  centre  o,  it  is  evident 
that  by  the  adjustment  of  the  eccentric  upon  the  fly-wheel 
shaft,  the  valves  may  be  opened  and  clawed  at  any  required 
poaitiou  of  the  fly-wheel  and  cmnk,  and  therefore  at  any 
required  position  of  the  piston  in  tJie  cylinder. 

Such  is  tlie  contrivance  by  which  the  valves,  whatever  form 
may  he  given  to  tlicm,  are  now  almost  universally  worked  in 
doubIe*acting  steam  en^^nes. 


Having  described  the  general  structure  and  operation  of  tho 
steam  engine  as  improved  by  Watt,  we  shall  now  explain,  in 
a  more  detailed  manner,  some  parts  of  its  machinery  which 
have  been  variously  constructed,  and  in  which  more  or  leu 
improveuients  have  been  made. 

Op  the  Cocks  and  Valveij. 

(129.)  In  the  steam  engine,  as  well  as  in  every  other  machine 
in  wliich  Huids  act,  it  is  necessary  to  open  or  close,  occasion- 
ally, the  tubes  or  passages  through  which  these  fluids  move. 
The  instruments  by  which  this  is  accomplished  are  called 
cocks  or  valves. 

Cocks  or  valves  may  be  classified  by  the  manner  in  which 
they  are  opened:  1st,  they  may  be  opened  by  a  motion 
similar  to  the  lid  of  a  box  upon  its  hinges ;  Uc\,  they  may 
be  opened  by  being  raised  directly  upwards,  in  the  same 
manner  as  the  lid  of  a  pot  or  kettle ;  Ud,  they  may  be  opened 
by  a  sliding  motion,  like  that  of  the  sash  of  a  window  or  tlie 
lid  of  a  box  which  slides  in  grooves;  4tli,  they  may  be 
opened  by  a  motion  of  revolution,  in  the  same  manner  as  the 
cock  of  a  beer-barrel  is  opened  or  closed.  The  term  valve  is 
more  properly  applied  to  the  first  and  second  of  these  classes  } 
the  third  class  are  usually  called  slides,  and  the  fourth  cocks. 

(130.)  The  single  clack  valve  is  tlie  most  simple  example  of 
the  first  class.  It  is  usually  constructed  by  attaching  to  a  plate 
of  metal  larger  tlian  the  aperture  which  the  valve  is  intended 
to  stop,  a  piece  of  leather,  and  to  the  under  side  of  this  leather 
another  piece  of  metal  smaller  than  the  aperture.  The  leather 
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extending  on  one  side  beyond  tlie  larger  metaUic  plate,  and 
being  flexible,  fonnn  the  hinge  on  which  tlic  valve  plan's.  Such 
a  valve  is  usuallv  closc-d  by  its  own  weight,  aiid  opened  by  the 
pressure  of  the  Huid  which  passes  tliruugli  it.  It  is  nUo  held 
closed  more  finuly  by  the  pressure  of  the  fluid  whose  retitm 
it  is  intended  to  obstruct.  An  example  of  tliia  valve  occurs 
in  the  steiuii  engine,  in  the  passage  between  tlie  coiidciucr 
and  the  air-pimip.  The  aperture  which  it  slops  is  there  a 
seat  inclined  at  an  angle  whose  inclination  is  such  as  to  render 
tlie  weight  of  the  valve  sufljcieut  to  close  it.  In  cases  where 
the  valve  is  expired  to  heat,  a8  in  tlte  example  just  men- 
Uoned,  where  it  is  continually  in  contact  with  the  hot  iral«r 
flowing  from  the  eondens<'r  to  the  air-puinp,  the  use  of  leather 
is  inadmissible,  and  in  that  case  the  metallic  surface  of  the 
valve  i«  groiutd  smooth  to  fit  its  seat. 

The  extent   to  which   such  a  valve  should  be  capable  of 

opening,  ought  to  be  such  that  the  aperture  produced  by  it 

shall  be  equal  to  tlie  aperture  which  it  stops.     Tliis  will  be 

eflectcd  if  tlie  angle  through  which  it  rises  be  about  30". 

Fig.  ^^^.  The  valve  by  which  tlie  air  uiid  water  collected 

Hin  the  bottom  of  the  air-pump  are  admitted  to 
pass  tlirough  the  air-puuip  piitton  i&  a  doubl* 
cUck,  consisting  of  two  semicircular  platca,  hanng 
the  lunges  on  the  diameters  of  these  semicirclet, 
as  represented  in  ^g.  46. 
(131.)  Of  tlie  valves  which  are  opened  by  a  motion  per- 
pendicular to  tlieir  seat,  the  most  simple  is  a  Hat  metallic 
plate,  made  larger  ttuui  tlie  orillcc  which  it  is  intended,  to 
■top,  and  ground  so  as  to  rest  in  steam-tight  contact  with 
the  surface  surrounding  the  aperture.  Such  a  vtdw  a 
usually  guided  in  its  [>erpendicular  motion  by  a  spindk 
passing  through  its  centre,  and  sliding  in  liolcs  made  in 
bars  extending  above  and  below  tlie  seal  of  the  valve. 
The  conical  steam -valves,  which  have  been  already  dt 
(116.),  usually  called  sjiindle -valves,  arc  the  most  coi 
of  this  clau.  The  be^t  angle  to  be  given  to  the  conical 
ii  found  in  practice  to  be  45*.  Wttii  a  less  incUnation  the 
valve  lias  a  tendency  to  be  fastened  in  its  seat,  and  n  greater 
incUnation  would  cause  the  top  of  the  valve  to  occupy  uniie> 
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cessarj  space  in  the  valve-box.  Tlie  area,  or  transverse 
•cction  of  the  valve-box,  should  be  rather  more  than  double 
the  maffnitiide  of  the  upper  surface  of  the  \'alve,  in  order  to 
allow  a  salficieiitly  free  passage  for  the  sttani,  and  the  play 
of  the  valve  should  be  such  as  to  allow  it  to  rise  from  ila  seat 
to  a  height  not  less  tlian  one  fourth  of  the  diameter  of  its 
upper  surface. 

The  valves  coming  under  this  class  are  aometimcs  formed 
as  spheres  or  hemispheres  reatinp;  in  a  conical  seat,  and  in 
such  cases  tlicy  arc  generally  closed  by  their  own  weight,  and 
opened  by  the  pressure  of  the  fluid  which  passes  through 
them. 

(132.)  One  of  the  advantages  attending  the  use  of  slides, 
compared  with  the  other  form  of  valves,  is  tlie  simplicity  with 
which  the  same  slide  may  be  made  to  govern  several  pas- 
sages, so  that  a  single  motion  with  a  slide  may  perform  the 
office  of  twQ  or  more  motions  imparted  to  indtpendent  valves. 
In  most  mndcrn  engines  the  passage  of  the  steam  to  and 
from  the  cylinder  is  governed  by  slides  of  various  forms,  some 
of  which  we  shall  now  explain. 

(li^.)  inJigsA"!.  and  48.  is  represented  a  slide-valve  contrived 
hy  Mr.  Murray  of  Leeds,  a  b  is  a  steam-tight  case  attached 
to  the  side  of  the  cylinder ;  e  r  is  a  rod,  which 
receives  an  alternate  motion,  upwards  and 
downwards,  from  the  eccentric,  or  from  what- 
ever other  j>art  of  the  engine  is  intended  to 
move  the  slide.  This  rod,  passing  through 
a  stufling-box,  moves  the  slide  g  upwards 
and  downwards,  s  is  the  mouth  of  the 
steam  pipe  coming  from  the  boiler ;  t  is 
the  mouth  of  a  tube  or  pipe  leading  to  the 
condenser  ;  ii  is  a  passage  leading  to  the  top, 
and  I  to  the  bottom,  of  the  cylinder.  In  the 
position  of  the  slide  represented  in  Jtff.  -17., 
the  steam  coming  from  tlic  boiler  through  s 
passes  through  the  space  ii  to  the  top  of  the 
cylinder,  while  the  steam  from  the  bottom 
of  the  cylinder  passes  through  the  space  i 
T,  and  goes  to  the  condenser.  When  the  rod 
q3 
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into  tlie  tube 
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B  P  is  raised  to  the  position  represented  in  jig.  4S.,  then  the 
pflAAagc  H  is  thrown  intocommiinicnlian  with 
the  tube  t,  while  the  passage  i  i*  inwlc  to 
communicate  with  the  tube  ft.  Steam,  ibcre- 
fore,  passes  from  the  boiler  tlirough  i  below 
the  piston,  while  the  steam  which  was  above 
the  piston,  passing  through  il  into  T*  goM 
to  the  condenser.  Thus  the  single  slide  o 
performs  the  office  of  the  four  valve*  de- 
scribed in  (116.). 

(134.)  The  slide  o  has  alwap  steam  of  a 
full  pressure  behind  it,  while  the  steam  in 
front  of  it  escaping  to  the  condenser,  excrta 
but  little  pressure  upon  it*  It  is  there- 
fore always  forcibly  pressed  against  the  sur- 
faces in  contact  witli  which  it  moves,  and 
is  thereby  maintained  steam-tight.  Indeed 
this  pressure  would  rapidly  wear  the  rubbing  surfaces,  unle« 
they  were  made  auflicii-ntly  extensive,  and  hardened  so  « 
to  resist  the  efTects  of  the  friction.  Wher«  fresh  water 
is  used,  as  in  land  boilers,  tlie  slide  may  be  made  of  hord- 
ene<l  steel ;  and  in  tlie  case  of  marine  boilers,  it  may  be 
eonstructed  of  gtm-metal.  In  this  and  all  other  contrivances 
in  which  the  apertiu-es  by  which  the  stwmi  is  admitted  to 
and  withdrawn  from  tiie  piston  are  removed  to  any  consider- 
able distance  from  the  top  and  bottom  of  the  cylinder,  there 
ia  a  waste  of  steam,  for  the  steam  consumed  at  eadi  fltnike  of 
the  piston  is  not  only  that  which  would  fill  Uic  capacity  d^ 
the  cylinder,  but  also  the  steam  which  fills  the  paaM^^| 
between  the  slide  o  and  tlie  top  or  bottom  of  the  cylinder. 
Any  arrangement  which  would  throw  the  passages  it  and  i 
on  the  other  side  of  the  slide  o,  that  is,  between  s  and  o, 
instead  of  being,  as  they  are,  between  o  and  the  top  and 
bottom  of  the  cylinder,  would  remove  tliis  defect.  Thif  is 
accomplished  by  a  slide,  which  is  usually  called  the  D  ?«]▼»» 
because,  being  semi- cylindrical  in  its  form,  and  hollow,  its 
cross  section  resembles  the  letter  o.  Tbis  slidci  whidi  is 
that  which  nt  present  is  in  most  general  use,  is  represented 
in  figu.  49,  oO. ;  e  is  the  rod  by  which  the  slide  is  mored,  pai»-  • 
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ing  through  a  stuiEug<box  f  ;  g  o  is  the  slide  represented  by  a 
Tertica]  section,  a  a  being  a  passage  in  it  extending  from  the 
lop  to  the  bottom ;  s  is  the  mouth  of  the  great  steam  pipe 
jrj    ^5^  ,  g  coming  from  the  boil- 

i-ip.  so.  er ;  P  is  tlie  pipe  lead- 
ing to  the  condenser; 
T  H  is  a  hollow  space 
formed  in  the  slide 
always  Id  communica- 
tion with  the  steam 
pipe  8,  and  conso- 
cjuently  always  filled 
with  steam  from  the 
boiler.  A  transverse 
section  of  the  slide  and 
cylinder  is  represented  in  ft/.  51.,  where  a  represents  the 
top  of  the  passage  marked  a  in  ^.  49.  In  the  position  of 
Jiig.  51.  the  slide  represented  injg.  49.,  tlie  steam  filling 
the  space  t  h  has  access  to  the  top  of  the 
cylinder,  but  is  excluded  from  the  bottom.  The 
steam  wbicli  was  below  the  piston,  passing  up 
the  passage  a,  escapes  through  the  tube  P  to  the 
condenser.  Wht-n  the  piston  has  descended,  the 
rod  E  moves  the  slide  downwards,  so  as  to  give 
It  the  position  represented  in  ^y.  50.  The  steam  in  t  h  has 
now  access  to  the  bottom  of  the  cylinder,  while  the  steam 
above  the  piston  passing  through  v  escapes  to  tlie  con- 
(lenser.  In  this  way  the  operation  of  the  piston  is  continued 
and  the  steam  consumed  at  cacli  stroke  only  exceeds  the 
capacity  of  the  cylinder  by  what  is  nccessar}*  to  fill  the 
passages  between  the  slide  and  the  cylinder. 

In  a  slide  constructed  in  this  manner,  the  steam  filling  the 
space  T  B  has  a  tendency  to  press  the  slide  back,  so  as  to 
break  the  contact  of  the  rubbing  surfaces,  and  thereby  to 
cause  the  steam  to  leak  from  the  space  T  ii  to  the  back  of  the 
slide.  This  is  counteracted  by  the  packing  x,  at  the  back  of 
the  slide. 

In  engines  of  verj-  long  stroke,  the  extent  of  the  rubbing 
surfaces  of  slides  uf  this  kind  renders  it  difficult  to  keep 
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them  in  steam-tight  contact  and  to  insure  their  umform 
wear.  In  such  cases,  therefore,  separate  slides,  upon  the  same 
principle,  are  provided  at  the  top  and  bottom  of  the  cylinder, 
moved,  however,  by  a  single  rod  of  communication. 

(135.)  In  tiUdcs,  as  we  have  here  described  them,  the  same  I 
motion  which  admits  steam  to  cither  end  of  the  cylinder,  witl^ 
draws  it  from  the  other  end.  Such  an  arrangement  is  only  com- 
patible with  the  operation  of  a  cylinder  which  works  without 
expansion ;  for  in  such  a  cylinder  the  full  flow  of  steam  to 
the  piston  is  only  interrupted  for  a  moment  during-  the 
change  of  position  of  tlie  slide.  But  if  the  stcpui  act  ex- 
pansively, it  would  be  necessary  to  move  the  slide,  so  as  to 
stop  its  flow  to  one  end  of  the  cylinder,  without  at  the  same 
time  obstructing  the  escape  of  steam  from  the  other  end  to 
the  condenser.  It  would  therefore  be  necessary  that  the 
slide  should  close  the  passage  leading  to  the  cylinder  at  one 
end,  without  at  the  same  time  obstructing  the  cnnimunication 
between  the  passage  from  the  cylinder  to  the  condenser  at  the 
other  end.  On  the  arrival  of  the  piston,  however,  at  the 
bottom  of  the  cylinder,  it  would  be  necessarj*  immediately  to 
put  the  lower  passage  to  the  cylinder  in  communication  with 
the  steam  pipe,  and  the  upper  passage  in  communicatioa 
with  the  condenser.  This  would  uccessarily  suppose  two 
motions  of  the  slide  as  well  as  some  modifications  in  its 
length.  Let  the  length  of  the  slide  be  such  that  when  the 
passage  to  the  top  of  the  cylinder  is  stopped,  the  lower 
part  of  the  slide  shall  not  reach  the  passage  to  the  lower 
part  of  the  cylinder ;  and  let  such  a  provision  be  nuide  in 
the  mechanism  hy  winch  the  rod  E  governing  the  slide  is 
driven  that  it  shall  receive  two  motions  during  the  de- 
scent of  the  piston,  the  first  to  be  imparted  to  it  at  the 
moment  the  steam  is  to  be  cut  off,  and  the  second  just  before 
the  termination  of  the  stroke.  Let  the  position  of  the  slide, 
at  tlie  commencement  of  the  stroke,  be  represented  in  ^ff,  53.^H 
and  let  it  he  required  that  the  steam  shall  he  cut  off  at^^ 
one  half  of  the  stroke.  When  the  piston  has  made  half  the 
stroke,  the  rod  governing  the  slide  is  moved  downwards,  so 
as  to  throw  the  slide  into  the  position  represented  in  Ji^.  5 
The  passage  between  the  steam  pipe   and  the  cylinder 
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now  Rtopped  flt  both  ends ;  but  the  passage  from  the  bottom 
of  the  cylinder  to  Uie  condenser  remains  open.  During  the 
remainder  of  the  stroke,  therefore,  the  steam  in  Uie  cylinder 


Works  expansiTely.  As  the  pi»ton  approaches  the  bottom 
of  the  cylinder,  another  motion  is  imparted  to  the  rod  go- 
verning the  slide,  by  which  the  latter  is  thrown  into  the 
position  represented  in  jig,  54.  Steam  now  flows  below  the 
piston  while  the  steam  above  it  passes  to  tlie  condenser.  In 
a  similar  manner,  by  two  motions  successively  imparted  to  the 
slide  during  the  ascent  of  the  piston,  the  steam  may  be  cut 
off  at  half  stroke ;  and  it  is  evident  that  by  regulating  the 
time  at  which  these  motions  are  given  to  the  slide,  the  steam 
may  be  worked  expansively,  to  any  required  extent. 

It  18  easy  to  conceive  various  mechanical  means  by  which, 
in  the  same  engine,  the  point  at  which  the  steam  is  cut  off 
may  be  regulated  at  pleasure. 

In  cases  where  the  motion  of  the  piston  is  very  rapid,  as  in  lo- 
comotive engines,  it  is  desirable  that  the  passages  to  and  from 
the  cylinder  should  be  opened  very  suddenly.  This  is  diffi- 
cult to  be  accomplished  with  any  form  of  slide  consisting  of  a 
ciingle  aperture  ;  but  if*  instead  of  admitting  the  steam  to  the 
cylinder  by  a  single  aperture,  the  same  magnitude  of  opening 
vrerc  divided  among  several  apertures,  then  a  proportionally 
less  extent  of  motion  in  the  slide  would  clenr  the  passage  for 
the  steam,  and  consequently  greater  suddenness  of  opemug 
vould  be  efl'ecled. 
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Tlie  great  advantages  in  the  economy  of  fae 
from  the  Application  of  the  expansive  principle  have,  of  Ule 
yean  forced  thcuisc-lves  un  the  attention  «f  engineers,  tnk 
considerable  improvements  have  be<'n  made  in  its  Bpplicadan» 
especially  in  the  case  of  marine  engines  used  for  long  voyagMy 
in  which  the  economy  of  fuel  has  become  an  object  of  the 
lost  importance.  The  mechanixm  l>v  which  expan&ive  slides 
are  moved,  is  made  capable  of  adjustment,  so  that  the  part 
of  tlie  stroke  at  which  the  steam  is  cut  off,  can  be  altered  at 
pleasure.  The  working  power  of  the  engine,  tlicrefore,  in- 
stead of  being  controlled  by  tlie  tlirottlc- valve,  is  regulated 
by  the  greater  or  less  extent  to  which  the  exfMinsive  principle 
is  applied.  Steam  of  the  same  pressure  is  admitted  to  tlie 
cylinder  in  all  cases ;  but  it  is  cut  off  at  a  greater  or  loas 
portion  of  the  stroke,  according  to  the  power  which  the 
engine  is  required  Lu  exert. 

The  la»t  degree  of  perfection  has  been  conferred  on  this 
principle  by  connecting  the  governor  with  the  mechanism  by 
which  tlie  slide  is  moved,  so  that  the  governor  instead  of 
acting  on  the  throttle- valve,  is  made  to  act  upon  the  sHde. 
By  this  means  when,  by  reason  of  any  diminution  of  the 
resistance,  the  motion  of  the  engine  is  accelerated,  the  balls 
of  tlic  governor  diverging  shift  the  cam  or  lever  which 
goTcnis  the  slide,  so  tliat  the  steam  is  cut  off  after  a  shortet 
portion  of  the  stroke,  the  expansive  principle  is  brought  into 
greater  play,  and  the  quantity  of  steam  admitted  to  the 
cylinder  at  each  stroke  is  diminished.  If,  on  tlie  other  hand, 
the  resistance  to  the  machine  be  increased,  so  as  to  <<im^»fi^ 
the  velocity  of  the  engine,  tlien  the  balls  collapsing  the  leren 
of  the  governor  shift  the  cam  which  moves  the  slides,  to  as 
to  increase  the  portion  of  the  stroke  made  by  the  pisbm 
before  the  steam  is  cut  off,  and  thereby  to  increase  the  amcnuit 
of  mechanical  power  developed  in  the  cylinder  at  each  stroke. 
The  extent  to  which  the  expansive  principle  is  CA]table  of 
being  applied,  more  especially  in  marine  engines,  has  bc«a 
hitherto  limited  by  the  necessity  of  using  steam  of  very  high 
preaiure,  whenever  the  steam  is  cut  off  after  the  piston  has 
perf-wmcd  only  a  small  part  of  tlie  stroke.  A  method,  how- 
ever, is  now  (March,  1840)  under  experimental   trial,  by 
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Mmsts.  Mauflslcy  and  Field,  by  which  the  expansive  prin- 
ciple may  be  applied  lo  any  required  extent  without  raising' 
the  steam  in  the  boiler  above  the  tisunl  pressure  of  from 
three  to  fivo  pounds  per  square  inch.  This  nietliod  consist* 
in  the  use  of  a  piston  of  great  magnitude.  The  force  urginfC 
the  piston  is  thus  obtaiu<.-d  not  by  an  excessive  pressure  on 
a  limited  Kurface,  but  by  a  moderate  pressure  diffused  over  a 
large  surface.  The  entire  moving  force  acting  on  tlie  piston 
before  the  steam  is  cut  off,  is  considerably  greater  than  the 
resistance ;  but  during  the  remainder  of  the  stroke  this  forco 
is  gradually  enfeebled  until  the  piston  is  brought  to  the 
extremity  of  its  play. 

(136.)  Mr,  Samuel  Seaward,  of  the  firm  of  Messrs.  Sea* 
wardsj  engineers,  has  contrived  an  improved  system  of  alidctf 
for  which  Ite  has  obtaini^d  a  patent.  A  section  of  Seaward't 
slides  is  represented  in  ^g.  55.     The  steam  pipe  proceeding 
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from  the  boiler  to  the  cylinder  is  represented  at  a  a,  and 
it  communicates  with  passages  s  and  a*  leading  to  the  top 
and  bottom  of  the  cylinder.  These  passages  are  formed  in 
nozzles  of  iron  or  other  hard  metal  cast  upon  the  side  of  the 
cylinder.  These  nozzles  present  n  smooth  face  outwards, 
upon  which  the  slides  b  b',  also  formed  with  smooth  faces, 
play.  The  slides  b  b'  arc  attached  by  knuckle-joints  to 
rods  E  b',  which  move  tlirough  stufEiig-boxes,  and  the  con- 
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nection  of  these  rods  with  the  slides  in  such  that  the  •lidet 
have   piay  so  as  to  detach   their  surfoces  easily  frnm  the 
smooth  .iiirfacea  of  the  nozzles  when  not  pressed  agiinst 
these  surfaces.     The  steam  in  the  steam  pipe  a  a  will  pres* 
against  the  backs  of  the  slides  r  b\  and  keep  their  faces 
ill    steam-tight   contact   uith    the   smootit    surfaces   of  the 
nozzles.     These  slides  may  be  opened  or  closed  by  proper 
mechanism  at  any  point  of  the  stroke.     When  steam  is  to  bo 
admitted  to  the  top  of  the  cylinder,  the  upper  slide  is  r&i«ed 
and  the  passage  s  opened  ;  and  when  it  is  to  be  admitted  to 
the  bottom  of  the  cylinder,  the  lower  slide  is  raised  and  the 
passage  s'  opened;    and  its  communication  to  the   tup  or 
bottom  of  the  cylinder  is  stopped  by  the  lowering  of  tfaeae 
slides  respectively.     On  the  other  side  of  the  cylinder  arc 
provided  two  passages  c  c'  leading  to  a  pipe  o,  which 
continued  to  the  condenser.     On  this  pipe  are  cast  nnaxlea 
iron   or  otlicr  metal  presenting  smootli   faces   towards   ihc 
cylinder,  and  ha\-ing  passages  d  d'  communicating  between 
top  and  bottom  of  the  cylinder  respectively  and  the  pipe  a 
leading  to  the  condenser.  Two  slides  6  ft',  having  smooth  f* 
turned  fnim  the  cylinder,  and  pressing  upon  the  faces  of  the  -^ 
nozzles  d  d',  are  governed  by  rods  playing  through  stuffing- 
boxes*  in  the  same  manner  as  already  described.     The  Eace^ 
of  these  slides  being  turned  from  ihe  cylinder,  the  sti'am  in  them 
cylinder  having  free  communication  with  tlieni,  has  a  tendcncjr^ 
to  keep  them  by  its  pressure  in  steam-tight  contact  with  th^ 
surfaces  in  which  the  apertures  leading  to  the  condenser  artr 
formed.    These  two  slides  may  be  o^>cucd  or  closed  when e vet" 
it  is  necessary. 

When  the  piston  commcnci^  its  descent,  the  upper  steam 
slide  is  raised,  so  as  to  open  the  passage  s,  and  admit  steam 
above  the  piston  ;  and  the  lower  exhausting  slide  b'  is  also 
raised,  so  as  to  allow  the  steam  below  the  piston  to  e8CB|>e 
through  o  to  the  condenser,  the  other  two  passages  s'  and  c 
being  closed  by  their  respective  slides.  The  slide  which 
gtn'enia  s  is  lowered  at  that  part  of  the  stroke  at  which  the 
steam  is  intended  to  be  cnt  off,  the  other  slides  remaining 
uuclianged ;  and  when  the  piston  has  reached  tlie  bottom  of 
the  cylinder,  the  lower  steam  slide  opens  the  passage  s',  and 
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the  Upper  exhausting  slide  opens  the  passage  c ;  and  at  the 
same  liiuc  the  luwer  exhausting  slide  closes  the  passage  (/. 
Steam  being  admitted  below  the  piston  througlr  »',  and  at  the 
same  lime  the  steun  above  it  being  drawn  away  to  the 
condenser  through  the  open  passage  c  and  the  tube  g,  the 
piston  ascends.  When  it  has  reached  that  point  at  which 
the  steam  is  intended  to  be  cut  off,  the  slide  which  govenu  s* 
is  lowered,  the  other  slides  remaining  unaltered,  and  the 
upward  stroke  is  completed  in  the  same  manner  r&  the 
downward. 

Tliese  four  slides  may  be  governed  by  a  single  lever,  or 
diey  may  be  moved  by  separate  means.  From  the  small 
spaces  between  the  several  slides  and  the  body  of  the 
cyHndv,  it  will  be  evident  that  the  waste  of  steam  by  this 
contrivance  will  be  very  small. 

In  the  slide  valves  commonly  used,  the  packing  of^hemp  at 
die  bock  of  the  slide,  by  which  the  pressure  necessary  to  keep 
the  slide  in  steam-tight  contact  is  obtained,  requires  constant 
attention  from  the  engine-man  while  the  engine  is  at  work. 
Any  neglect  of  this  will  produce  a  corresponding  loss  iu  the 
power  of  the  engine ;  and  accordingly  it  is  found  that  in 
many  cases  where  eiigincs  work  inclliciently,  the  defect  is 
owing  either  to  ignorance  or  want  of  attention  on  the  part  of 
the  engine-man  in  the  packing  of  the  slides.  In  Seawards 
slides  no  hemp  packing  is  used,  nor  is  any  attention  on  the 
part  of  the  engine-man  required  after  the  slides  are  first 
adjusted.  The  slides  receive  the  pressure  necessary  to  keep 
them  in  steam-tight  contact  with  the  surfaces  of  the  nozzles 
from  the  steam  itself,  which  acts  behind  them. 

The  eduction  and  steam  slides  being  independent  of  each 
other,  they  may  be  adjusted  so  that  tlie  engine  shall  work 
expansively  in  any  required  degree;  and  Hum  may  be  accom- 
plished either  by  working  the  slides  by  separate  mechanism, 
or  by  a  single  eccentric. 

One  of  the  advantages  claimed  by  the  patentees  for  these 
slides  is,  that  the  engines  are  secured  from  the  accidents 
which  arise  from  the  accumulation  of  water  within  the  steam 
cylinder.  If  such  a  circumstance  should  occur,  the  action  of 
the  piston  will  press  the  water  against  the  faces  of  the  steam 
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slides,  and  the  play  allowed  to  them  by  their  connectioo 
with  the  rods  wliich  move  them  permits  tlieir  faces  to  be  raised 
from  the  surfaces  of  the  nozzles,  so  that  the  wrater  collected 
in  the  cylindtT  shall  be  driven  into  tlie  steam  pipe,  and  sent 
back  from  thence  to  the  boiler. 

(137.)  Of  the  cocks  or  ralrn 
which  arc  opened  and  dosed  by 
the  motion  of  an  axis  paMing 
through  their  centre,  the  throt- 
tle-valve,   whether   worked    by 
liand  or  by  the  governor,  la  an 
example.     But  the  most 
mon  form  for  cocks  is  that  of 
cylindrical  or  slightly  conical  plug  {Jiff.  ^tG.),  inserted  in 
aperture   of    corresponding    magnitude   passing   acraas     tttoaMS! 
pipe    or    passage  which    the   cock    is    intended  to  open   or    ~" 
close.     One  or  ntore  holes  are  pierced  trjuiBrersely  in    the-   ■■ 
cock,  and  when  the  cock  is  turned  so  tliat  these  holes  run  in-     ■ 
the  direction  of  the  tube,  the  passage  through  the  tube  i^ 
opened ;  but  when  the  passage  through  tlie  cock  is  placed  a&- 
right  angles  tA)  the  tube,  then  the  sides  of  the  lube  stop  ti»^ 
ends  of  the  passage  in  the  cock,  and  the  passage  through  ths- 
tube  is  obstructed.     The  simple  cock  is  designed  to  open  0^" 
close  the  pas&age  through  a  single  tube.     When  the  cock  i^» 
turned,  as  in  ^.  5'.,  so  that  the  passage  through  the  cod^^ 


fig.  ii. 


Flf.S8. 
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•hall  bo  at  right  angles  to  the  length  of  the  tube,  then  I 
passage  through  the  tube  is  stopped ;  but  when  the  cock 
turoed  from  that  position  through  a  quaner  of  a  revolutic 
M  in^'  ^S.,  then  the  pus:»gc  tlu-ough  tlie  cock  tnkcsthe  ( 
rectiou  of  tlie  passage  tlm>ugh  the  tube,  ant)  tlie  cock 
opened,  and  the  passage  tliruugh  tlic  tube  unobstructed, 
such  a  cock  the  passage  may  be  more  or  less  tkrottUd 
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adjusting  the  position  of  the  cock,  so  that  a  part  of  the  open- 
ing in  it  shall  be  covered  by  the  aide  of  the  tube. 

(138.)  It  is  sometimes  required  to  put  one  tube  or  pas- 
sage alternately  in  cominuiucation  with  tMu  others.  This  is 
accomplished  by  a  tivo-tcatf  cock.  In  tliis  cock  the  passage  is 
curved,  opening  uaitally  at  points  on  the  surface  of  the  cock, 
at  right  angles  to  each  other.  Such  a  cock  has  already  been 
described,  and  its  use  illustrated  in  the  description  of  the 
Marquis  of  Worcester's  engine  (17.);  the  two-way  cock, 
as  represented  at  k  and  a  {Jig.  4.),  being  the  means  by  whicli 
steam  and  water  ore  alternately  supplied  to  the  two  forcing 
vessels. 

(139.)  When  it  is  required  to  put  four  passages  alternately 
in  communication  by  pairs,  a  four-way  cock  is  used.  Such  a 
cock  has  two  curved  passages  {Jig. 
.5!).),  each  similar  to  tlic  cun-ed  pas- 
sage in  the  two-way  cock.  Let  s  c  »  T 
be  the  four  tubes  which  it  is  re- 
quired to  throw  alternately  into  com- 
munication by  pairs.  Wlien  the  cock 
is  in  the  position  Jig.  51).,  the  tube  a 
cunimunicates  with  T,  and  the  tube  c 
with  B.  By  turning  the  cock  tluxiugh 
a  quarter  of  a  revolution,  as  in_/F^.f>0., 
tlte  tube  6  is  made  to  comnmiueate 
with  B,  and  the  tube  c  with  t  ;  and  if 
the  cock  continue  to  be  turned  at  in- 
ter^'als  through  a  quarter  of  a  revo- 
lution, these  changes  of  communica- 
tion will  continue  to  be  alternately 
made.  It  is  evident  that  this  may  be  accomplished  by  turn- 
ing the  cock  continually  in  the  same  direction. 

The  four-way  cock  is  sometimes  used  as  a  substitute  for 
the  valves  or  slides  in  a  double-acting  steam  engine  to  con- 
duct the  steam  to  and  from  the  cylinder.  If  s  represent  a 
pipe  couducting  steam  from  the  boiler,  c  that  which  leads  to  the 
condenser,  T  the  t\ibe  which  leads  to  the  top  of  the  cylinder, 
and  B  that  which  leads  to  the  bottom,  tlieu  when  the  cock  is 
in  the  position  {Jig.  5&.),  steam  would  flow  from  the  boiler  to 
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the  top  of  the  piston,  while  tlie  steam  below  it  would  be 
drawn  oS  to  the  condenser;  and  iu  ttie  position  (jSy.  60.)* 
Hteain  wuuld  flow  from  tlic  boik'r  to  the  bottom  of  the 
piston,  vihile  the  steam  above  it  would  be  drawn  off  to  the 
condenser.  Thus  by  turning  the  cock  through  a  quarter  of  a 
revolution  towards  tlie  tcrmiiuition  of  each  stroke,  the  opera- 
tion of  the  machine  would  be  continued. 

One  of  the  disadvantages  which  is  inseparable  from  the  u»e 
of  a  four-waj  cock  for  tliis  purpose  Is  the  loss  of  the  steam  at 
each  atrcke,  which  fills  the  tubes  Iwtweeu  the  cock  and  the 
ends  of  the  cylinder.  This  disadvantage  could  only  be  avoided 
by  tlie  substitution  of  two  two-way  cocks  (138.)  instead  of  a 
four-way  cock.  A  two-way  cock  at  the  top  of  the  cylinder 
would  open  an  alternate  communication  between  the  cylin- 
der and  steam  pipe,  and  the  cylinder  and  condenser,  while 
a  similar  office  would  be  performed  by  another  two-way 
cock  at  the  other  end. 

Tlie  friction  on  cocks  of  tliia  description  is  more  than  on 
other  valves  ;  but  this  is  in  some  degree  compensated  by  the 
great  simplicity  of  the  instrument.  When  the  cock  is  truly 
ground  into  its  seat,  being  slightly  conical  in  its  form,  the 
pressure  of  the  steam  has  a  tendency  to  keep  the  surfaces  in 
contact ;  but  this  pressure  also  increases  the  friction,  and  has 
a  tendency  to  wear  the  seat  of  the  cock  into  an  eUiptical 
shape.  Consequently,  such  cocks  require  to  be  occaaionally 
ground  and  rclitled. 

(140.)  The  four-way  cock,  as  above  described,  admits  the 
steam  to  one  end  of  the  piston  at  the  same  moment  that  ie 
stops  it  at  the  other  end.  It  would  therefore  be  inapplicable 
where  steam  is  worked  expansively.  A  slight  modificalion, 
however,  analogous  to  that  already  described  in  the  slides, 
will  adapt  it  to  expansive  action.  This  will  be  accomplished 
by  giving  to  one  of  the  passages  through  the  cock  one  aperture 
larger  than  the  other^  and  working  the  cock  so  that  this 
passage  shall  always  be  used  to  conduct  steam  to  the  cylinder; 
also  by  enlarging  both  aperluies  of  the  other  passage,  and 
using  it  always  to  conduct  steam  from  the  cylinder.  The 
effect  of  such  an  arrangement  will  be  readily  understood. 

Let  the  position  of  the  cock  at  the  commencement  of  th« 
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descending  stroke  be  represented  injii^.  61.  Steam  flows 
from  s  tlirough  T  to  the  top  of  the  cy- 
linder, while  it  escapes  from  r  through  c 
from  the  bottom  of  the  cylinder.  When 
ihc  piston  has  arrived  at  that  point  at 
which  the  steam  is  to  be  cut  oiffj  let  the 
cock  be  slufled  to  the  position  represent- 
ed in  jig.  6iJ.  The  passage  of  steam  from 
the  boiler  is  now  stopped,  but  the  escape 
caf  steam  from  the  bottom  of  the  cylinder  tlirough  c  continues, 
and  the  cock  is  maintained  in  this 
sn^  83.   y   y  position  until  the  piston  approaches  the 

bottom  of  the  cylinder,  when  It  is  fur- 
ther   shifted    to    tlie    posi  tiou   repre- 
sented in^y.  (i3.  Steam  now  flows  from  s 
through  K  to  the  bottom  of  the  cylinder, 
while  the.  steam  from  the  top  of  the 
cylinder  escapes  tlirough  c  to  the  con- 
denser.     When  the  piston  has  arrived  at  that  point  where 
the  Bteam  is  to  be  cut  o3*,  the  cock  is  shifted  to  the  positlou 
represented  in  Jig.  64%     The  communication'  between   tho 
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steam  and  the  bottom  of  the  piston  is  now  stopped,  whilo 
the  communication  between  the  top  of  tlie  cylinder  and  th^ 
condenser  is  still  open.  During  the  next  double  stroke  of 
the  piston  the  position  of  the  cock  is  similarly  changed,  but 
in  the  contrary  direction,  and  in  the  same  way  the  motion 
is  continued.     Under  these  circumstances  the  cock,  instead 
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of  being  moTcd  constantly  in  the  same  direction,  as  in  Om 
cAse  of  the  common  four-way  cock,  will  require  to  be  morcd 
allcnuitcly  in  opposite  directionB. 


FiSTOMB. 
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(141.)  The  office  of  a  piston  being  to  divide  a  cylinder  into 
two  compartments  by  a  movable  partition  which  shall  ob- 
struct the  passage  of  any  fluid  from  one  compartment  to  the 
other,  it  is  eNndent  that  the  two  conditions  which  such  an  in* 
strumcnt  ought  to  fulfil  &Te,Jirit,  that  tlie  contact  of  ita  sides 
with  the  surface  of  the  cylinder  shall  be  so  close  and  tight- 
throughout  its  entire  play  that  no  steam  or  other  fluid  can. 
pass  between  them ;  seco7uili/,  that  it  shall  be  so  free  fronu 
friction,  notwithstanding  this  necessary  tightness,  that  it  sbalL 
not  absorb  any  injurious  quantity  of  tlie  moving  power. 

Since,  however  accurately  the  surfaces  of  the  piston  an£. 
cylinder  may  be  constructed,  there  will  always  be  in  practice- 
more  or  less  imperfection  of  form,  it  is  endent  that  the  coo* 
tact  of  the  surface  of  the  piston  with  the  cylinder  tliruughoaC 
the  stroke  can  only  be  maintained  by  giving  to  the  circum- 
ference of  the  piston    suflicient  elasticity   to  accommodate 
itself  to  such  inequalities  of  form.     The  substance,  whatcrer 
it  may  be,  used  fur  tliis  purpose,  and  by  which  the  piston  ii 
surrounded,  is  called  packing. 

In  steam  pistons  the  material  used  for  packing  must  be 
such  as  is  capable  of  resisting  the  united  eflects  of  beat  and 
moisture.  Hence  leather  and  other  animal  substances  are  in- 
applicable. 

The  packing  used  for  steam  pistons  is  therefore  of  two 
kinds,  vegetable  packing f  usually  hemp,  or  metaUic parking. 

The  common  hemp-packed  piston  has  been  already  in  pari 
described  (79.).  The  bottom  of  the  piston  is  a  circular  plate 
just  so  much  less  in  diameter  tlian  the  cylinder  as  is  sufficient 
to  allow  its  free  motion  in  ascending  and  descending.  A  Utile 
above  its  lowest  point  this  plate  begins  gradually  to  diminish 
in  thickness  until  its  diameter  is  reduced  to  from  one  to  two 
incites  less  than  that  of  the  cylinder,  leaving  tliercfore  around 
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it  a  hollow  space,  as  represented  in  Jiff.  65.  The  cover  of  the 
piston  is  a  plate  simi- 
larly formci^  being  In 
like  manner  gradually 
reduced  in  thickness 
downwards,  so  as  to 
torrespond  with  the 
lower  plate.    In  the  liol-     •"  Fig  65. 

low  space  wliich  thus  suirounds  tlic  piston  a  packing  of 
unspun  hemp  or  soft  rope,  called  gashetf  is  introduced  by 
winding  it  round  the  piston  so  as  to  render  it  an  even  and 
compact  mass.  When  the  space  is  thus  filled  up,  the  top  of 
the  piston  is  attached  to  the  bottom  by  screws.  The  curved 
form  of  the  space  within  whicli  the  hempen  packing  is 
confined  is  such  that  when  the  screws  arc  tightened,  that 
part  of  the  packing  which  is  nenrcst  to  the  top  and  bottom 
of  the  piston  is  forced  against  the  cylinder  so  as  to  pro- 
duce upon  the  two  parallel  nngs  as  much  pressure  as  is  ne- 
cessary to  render  it  steam-tight.  When  by  nse  the  packing 
is  worn  down  so  as  to  produce  leakage,  the  cover  of  the 
cylinder  must  be  removed,  and  the  screws  connecting  the 
top  and  bottom  of  tbc  piston  tightened :  this  will  force  out 
the  packing  and  render  the  piston  steam-tight.  This  packing 
is  lubricated  by  melted  tallow  let  down  upon  the  piston 
from  the  funnel  inserted  in  the  top  of  the  cylinder,  fur- 
nished with  a  stop-cock  to  prevent  the  escape  of  steam. 
The  lower  end  of  the  piston-rod  is  formed  slightly  conical,  the 
thickest  part  of  the  cone  being  downward.  It  is  passed 
up  through  the  piston,  and  a  nut  or  wedge  between  the  top 
and  bottom  is  inserted  so  as  to  secure  the  piston  in  its  position 
upon  the  rod. 

The  process  of  removing  the  top  of  the  cylinder  for  the 
purpose  of  tightening  the  screws  in  the  piston  is  one  of  so 
laborious  a  nature,  that  the  men  entrusted  with  the  super- 
iutendencc  of  these  machines  arc  tempted  to  allow  the  engine 
to  work  notwithstanding  injurious  leakage  at  the  piston, 
rather  than  incur  the  labour  of  tightening  the  screws  as  often 
as  it  is  necessary  to  do  so. 

To  avoid  this  inconvenience,   the   following  method  of 
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tightening  the  packing  of  ihe  piston  without  removing  the 
lid  of  the  cylinder,  was  contrived  hy  Woolf.  The  head  of 
eacli  of  the  screws  was  foraied  iuto  a  toothed  pinion,  and  as 
these  screws  were  pluced  at  equal  distances  from  the  centra 
of  the  piston,  these  several  pinions  were  driven  b}*  a  l»lff\ 
toothed  wheel,  revolving  on  the  piston-rod  as  an  axis.  By 
such  an  arrangement  it  is  evident  that  if  any  one  of  iho 
screws  be  turned,  a  like  motion  will  be  imparted  to  all  tha 
others  through  the  medium  of  the  large  central  wheel.  Woolf 
accordingly  formed,  on  the  head  of  one  of  the  screws,  a  square 
f>nd.  Wlien  the  piston  was  brought  to  the  top  of  the  cylinder, 
this  scjuare  end  entered  an  aperture  made  in  the  under  side  of 
ihc  cover  of  tlie  cylinder.  This  aperture  was  covered  by  a  small 
circular  piece  screwed  into  the  lop  of  the  cylinder,  which  wa» 
capable  of  being  removed  so  as  to  render  the  square  head  of 
the  screw  accessible.  When  this  was  done,  a  proper  key 
bc'ing^  applied  to  the  square  head  of  the  screw,  it  was  turned  ; 
and  by  being  turned,  all  the  other  screws  were  in  like  manner 
moved.  In  this  way,  instead  of  having  to  remove  the  cover  of 
the  cylinder,  which  in  large  cylinders  was  attended  with  great 
labour  and  loss  of  time,  the  packing  was  tightened  by  merely 
unscrewing  a  piece  in  llie  top  of  the  cylinder  not  much 
greater  iu  magnitude:  than  the  head  of  one  cf  the  screws. 

This  method  was  further  simplified  by  causing  the  great 
circular  wheel  already  described  to  move  upon  the  piston-rod, 
not  as  an  axis,  but  as  a  screw,  tlie  thread  being  cut  u{>od  ft 
part  of  the  piston-rod  which  worked  in  a  corresponding 
female  screw  cut  upon  the  central  plate.  By  such  means, 
the  screw  whose  head  was  let  into  the  cover  of  the  cylinder 
which  turned,  would  cause  this  circular  plate  to  be  pressed 
downwards  by  the  force  of  the  screw  constructed  on  the  pis* 
ton-rod.  This  circular  plale  thus  pressed  downwards,  acted 
upon  pins  or  plugs  which  pressed  together  the  lop  and  bot- 
tom of  the  cylinder  in  the  same  manner  as  they  were  pressed 
together  by  the  screws  connecting  them  as  already  described. 

Mf.tallic  Pistons, 

( 1 42.)  The  notion  of  constructing  a  piston  so  as  to  move  steam-^ 
ti^ht  io  the  cylinder  without  the  use  of  packing  of  vegetable 
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matter  was  first  suggested  by  the  Rev,  Mr.  Cartwright,  a 
genUemaa  wull  knowu  for  odicr  mechanical  inventions,  A 
patent  was  granted  in  1797  for  a  new  form  of  steam  engine, 
in  which  he  proposed  to  use  the  vajraur  ofalcoliol  to  work  the 
piston  instead  of  the  steam  of  water :  and  since  the  principle 
of  the  engine  excluded  the  use  of  luhrication  by  oil  or  tallow, 
he  substituted  a  piston  formed  of  metallic  rings  pressed  against 
the  surface  of  the  cylinder  by  springs,  so  as  to  be  maintained 
in  steam-tight  contact  with  it,  independently  either  of  paekliig 
or  lubrication.  Although  the  engine  for  which  this  form  of 
piston  was  intended  never  came  into  practical  use,  yet  it 
ia  so  simple  and  elegant  in  its  structure,  and  forms  a  link  so 
interesting  in  the  history  of  the  steam  engine,  that  some  ex- 
planation of  it  ought  not  to  be  omitted  in  this  work. 

The  steam-pipe  from  the  boiler  is  represented  cut  off  at  B 
(Jig.  G^.) ;  T  is  a  spindle-valve,  for  admitting  steam  above  the 
piston,  and  n  is  a  spindle-valve  in  the  piston  ;  d  is  a  curved 
pipe  forming  a  communication  between  the  cylinder  and  the 
condenser,  which  is  of  very  peculiar  construction.  Cartwright 
proposed  effecting  a  condensation  without  a  jet,  by  exposing 
the  steam  to  contact  mth  a  very  large  quantity  of  cold  sur- 
face. For  this  purpose,  he  formed  his  condenser  by  placing 
two  cylinders  nearly  equal  in  size,  one  within  the  other,  al- 
lowing the  water  of  the  cold  cistern  in  which  they  were  placed 
to  flow  through  tlif  inner  cylinder,  and  to  surround  the  outer 
one.  Thus,  thu  thin  space  between  the  two  cyliuders  formed 
the  condenser. 

TIic  air-pump  is  placed  immediately  under  the  cylinder, 
and  the  continuation  of  the  piston-rod  works  its  piston,  which 
is  solid  and  without  a  valve.  F  is  the  pipe  from  the  con- 
denser to  the  air-pump,  through  which  the  cundensed  steam 
is  drawn  off  through  the  valve  o  on  the  ascent  of  the  pistOHi 
and  on  the  descent  tliis  is  forced  through  a  tube  into  a  hot 
well  H,  for  the  purpose  of  feeding  the  boiler  through  the 
feed-pipe  l.  In  the  top  of  the  hot  well  ii  is  a  valve  which 
opens  inwards,  and  is  kept  closed  by  a  ball  floating  on  the 
surface  of  the  liquid.  The  pressure  of  the  condensed  aip 
above  the  surface  of  the  liquid  in  ii  forces  it  through  i  intn 
the  boiler.     When  the  air  accumulates  in  too  great  a  degree 
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tiius  admitted  above  the  piston  noting  against  the  vacuum 
below  it,  will  cause  its  deacent.  On  arriving  at  tlic  bottom 
of  the  cylinder,  the  tail  of  the  piston-valve  r  will  strike  the 
bottom,  and  it  will  be  lifted  from  its  seat,  so  that  a  commu- 
nication will  be  opened  through  it  with  the  condenser.  At 
the  sajne  moment,  a  pi-ojecting  spring  k,  attached  to  the 
piston*rod,  strikes  the  stem  of  the  steam-valve  t,  and  presses 
it  into  its  seat.  Thus  white  the  further  admission  of  steam 
is  cut  off,  the  steam  above  the  piston  dows  into  the  condenseri 
and  the  piston  being  relieved  from  all  pressure,  is  drawn  up 
by  the  momentum  of  the  fly-wheel,  which  continues  the 
motion  it  received  from  the  descending  force.  On  the  arrival 
of  the  piston  again  at  the  top  of  the  cylinder,  the  valve  T  is 
opened  and  r  closed,  and  the  piston  descends  as  before,  and 
so  the  process  is  coutinucd. 

The  mechanism  by  which  motion  is  communicated  from 
the  piston  to  the  fly-wheel  is  peculiarly  elegant.  On  the 
axis  of  the  fly-wheel  is  a  small  wheel  with  teeth,  which  work 
in  the  teeth  of  another  larger  wheel  L.  This  wheel  is  turned 
by  a  crank,  which  is  worked  by  a  cross-piece  attached  to  the 
end  of  the  pbton-rod.  Another  equal-toothed  wheel  M  is 
turned  by  a  crank,  which  is  worked  by  the  other  end  of  the 
cross-arm  attached  to  the  piston-rod. 

One  of  the  peculiarities  of  tins  engine  is,  that  the  liquid 
which  is  used  for  the  production  of  steam  in  the  boiler 
circulates  through  the  macEiine  without  cither  diminution  or 
admixture  with  any  other  fluid,  so  that  the  boiler  never 
wants  more  feeding  than  what  can  be  supplied  from  tlio 
hot  well  H.  This  circumstance  forms  an  important  feature 
in  the  niat-hine,  as  it  allows  of  ardent  spirits  being  used  in 
the  boiler  instead  of  water,  which,  since  they  boil  at  low 
heats,  promised  a  saving  of  fuel.  The  inventor  proposed 
that  the  engine  should  be  used  as  a  still,  as  well  as  a  me- 
chanical power,  in  which  case  the  whole  of  the  fuel  would  be 
saved. 

(143.)  That  part  of  Cartwright's  piston  which  in  tlie  com- 
mon puton  is  occupied  by  the  packing  of  gasket,  already  ex- 
plained (141. )>  was  filled  by  a  number  of  rings,  one  placed 
within  and  above  another,  and  divided  into  tlirce  or  four  seg- 
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ments.  Two  rings  of  brass  wore  made  of  the  full  siie  of  the 
c^linder.aiid  so  ground  as  to  fit  the  cylinder  nearly  steam-tight. 
These  were  cut  into  several  segments  a  a  a  (Jiff.  67.)*  *nd 
^^  — _  Pjg  g^      were    placed    one    above 

the  other,  so  as  to  fill  the 
space  between  the  top  and 
bottom  plates  of  the  pis- 
BV  W  ton.  The  divisions  of  the 
segments  of  the  one  ring 
were  made  to  fit  bolwcen 
the  divisions  of  the  other. 
W'ithin  the«o  another 
series  of  rings,  b  b  ii,  were 
placed,  similarly  con- 
structed, so  as  to  fiL 
within  the  first  series  in 
tlie  same  manner  as  the  first  series  were  made  to  fit  within, 
ihe  cylinder.  The  joints  of  the  upper  series  of  each  set  of~ 
rings  are  exhibited  in  the  plan  (^-67.);  the  places  of  thtf 
joints  of  the  lower  series  are  sliown  by  dotted  lines;  th» 
position  of  the  rings  of  each  series  one  above  the  other  is 
ahowQ  in  the  section  (^.  C8.),  Tlie  joints  of  the  inner  series 
r-._/''g.  68.        .  of  rings  arc  so  placed   as 

~        ililfl  (o  lie  between  those  of  the 
"^        Tl  outer    scries,    to    prevent 
11         '  I  r))t^  escape  of  steam  whicb. 
I  uld   take  place  by  one 

<    lUinued  joint  from    top 

.  ^J   "  ^o"**™  **f  ^^^  packing— 
^"  The  segments  into  whidm 
the  rings  arc  divided  are  pressed  outwards  hy  ateel  springs 
in   the  furm  of  the  letter  V,  the  springs  which  act  upon  th^^ 
outer  series  of  segments  abutting  upon  the  inner  series.  nn^B- 
those  which  act  on  the  inner  series  abutting  upon  the  soIic^B 
centre  of  the  piston :  these  springs  arc  represented  in  ^,  67^ 

(144-.)  An  improved  form  was  given  to  the  metallic  pist 
hy  Barton.  Barton's  piston  consists  of  a  solid  cylinder  of 
iron,  represented  at  a  in  section  in^5r.  G9.,  and  in  plan 
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Jig.  70.     In  the  centre  of  this  is  a  conical  hole,  increasing  in 

magnitude  duwnwanis,  to 
receive  the  piston-rod,  in 
which  the  latter  is  secured 
l>y  a  cro8s-pin  b.  A  deep 
,_'ioove,  square  in  its  sec- 
tion, is  furtned  around  the 
piston,  so  that  while  tlio 
top  and  bottom  of  the  pis- 


ton form  circles  equal  in  magnitude  to  the  section  of  the 
c\Under,  the  intermediate  part  of  the  body  of  the  piston 
forms  a  circle  less  than  the  former  by  the  depth  oi  the 
groove.  Let  a  ring  of  Wasa^  cast  iron,  or  cast  steel,  be 
made  to  correspond  in  magnitude  and  form  with  this  groove^ 
and  let  it  be  divided  as  represented  in  Jig.  70.,  into  four  seg- 
ments c  c  c  c,  and  four  corresponding  angular  pieces  d  d  o  D. 
Let  the  groove  which  surrounds  the  piston  be  filled  hy  the 

/fe.7D. 


four  segments  with  the  four  wedge-like  angular  pieces  within 
them,  and  let  the  latter  be  urged  against  the  former  by  eight 
cjpiral  springs,  ns  represented  in  jig.  (JO.  and  ftg.  70.  These 
springs  will  abut  against  the  solid  ceutre  by  the  piston,  and 
'will  urge  the  segments  c  against  the  cylinder.  The  spiral 
springs  which  urge  the  wedges  arc  coufined  in  their  action 
\iy  steel  pins  wiiich  pass  through  their  centre,  and  by  being 
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IK     IT. roRM     ASI)    STBt'CTfRE    OF    BOII.CK. WAaCON    IIOILEH. 

rURMACU.  —  HETBOU    OV  FKEULNU    IT.  —  tOMUUSTIIOPi  OF  HAS  IN  FLUES. 

—  CUNSTKUCTIUN    OP   URATE    ANO    ASU-TIT.  — MACiMTUDt   OV  IIKATINU 
SL'BFACB    of    IIUILBB. »TBAH>5PACK    ANI>    n  ATlIR-al-ACE    IN    BOILER. 

—  POSITION     OP     FLi:pJi.  —  HKTIIOD     OP     PF.EDING      nOILER.  —  LETBI, 
OAtlCKS. — SBLP-liEGULATING  FEEDERS.— STEAM-GAL'GB. —  SAROMeTEH- 

QAUUr. INDICATOR. ror.STKB. SAFETV-TALTB.  —  FUBIBLK   PLUGS. 

SBLF-BEIaLLATIKG  DAUFUK.  —  ^t-LF-NKUULATINO  Kl'RXACB, POWER 

AMD    DUTY    OF    KMJINES.  —  IIOBSE-l'dU'f.n   OF    ST8AM     R>«IKES.  —  EVA* 
POBATION    PBOPllRTlnNAL     TO     HllRSK-POWKR.  —  ftOlRCF.S    OF    LOSS   OF 

POWER. Al»RNrE  OF  liOOD    PRACTITAI.  Kl:LRS  FOR  POM'BR.  —  CUUUON 

Rt'LES   FOLLOWED   BY    ENGINE   MAKERS. — DLTT    DISTIKUUI.SIIKU    PROS 

POWER, DUTY    or   BOILERS. PKUPOHTlUN  OP  STROKE  TO    DIAHKTEK 

OF   CYLINDER. ULTT    OF    EXilNKS.  —  TOBNISM     SYSTEM    OP    1N9PEO 

TION. ITS    GOOD   EFFKCTS.  —  UI&TOBK'AL   PBTAIL  OF   TUB    DUTY   OF 

coRNisn  ENGinss, 

(145.)  The  machinen-  which  has  h&on  explained  in  tha 
preceding  chapters,  consisting  of  the  cvliiidcr  witli  its  pas* 
tageB  and  valves,  the  piston-rod,  parallel  motion,  beam, 
coonectiug-rud  and  crauk,  together  with  the  condenser,  air* 
pump,  and  other  appendages,  having  no  source  of  momg 
power  in  themselves,  must  be  regarded  as  mere  bstniments 
by  which  the  mechanical  effect  devcIopc<l  by  the  furnace  and 
the  boiler  is  transmitted  to  the  working  point  and  so  mo* 
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tightening  the  packing  of  the  piston  without  retnoviug  the 
lid  of  the  cylinder,  was  contrived  by  Woolf.  The  head  of 
each  of  the  screws  was  formed  into  a  toothed  pinion,  and  as 
these  screws  were  placed  at  equal  distances  from  the  centre 
of  the  piston,  these  several  piaious  were  driven  by  a  large 
toothed  wheel,  revolving  on  the  piston-rod  as  an  axis.  By 
such  an  arratigeineut  it  is  evident  that  If  any  one  of  the 
screws  be  turned,  a  like  motion  will  be  imparted  to  all  the 
others  through  the  medium  of  the  large  central  wheel.  Woolf 
accordingly  formed,  on  the  head  of  one  of  the  screws,  a  square 
end.  When  the  piston  was  brought  to  the  top  of  the  cylinder, 
this  square  end  entered  an  aperture  made  in  the  under  side  of 
the  cover  of  the  cylinder.  Tliis  aperture  was  covered  by  a  small 
circular  piece  screwed  into  the  top  uf  the  cylinder,  which  was 
capable  of  being  removed  so  as  to  render  the  square  head  of 
the  screw  accessible.  When  this  was  done,  a  proper  key 
being  applied  to  ihe  square  head  of  the  £crew,  it  was  turned; 
end  by  being  turned,  nil  the  other  screws  were  in  like  manner 
moved.  In  this  way,  instead  of  having  to  remove  the  cover  of 
the  cylinder,  which  in  large  cylinck-rs  was  attended  w*ith  great 
labour  and  loss  of  time,  the  packing  was  lightened  by  merely 
unscrewing  a  piece  in  the  top  of  the  cylinder  not  nmch 
greater  in  magnitude  than  the  head  of  one  uf  the  screws. 

This  method  was  further  simplified  by  causing  the  great 
circular  wheel  already  described  to  move  upon  the  piston-rod, 
not  as  an  axis,  but  as  a  screw,  the  thread  bfing  cut  upon  a 
pari  of  the  piston-rod  which  worked  iu  a  corresponding 
female  screw  cut  upon  the  central  plate.  By  such  means, 
the  screw  wlio«c  head  was  let  into  the  cover  of  the  cylinder 
which  turned,  would  cause  this  circular  plate  to  be  pressed 
downwards  by  the  force  of  the  screw  constructed  on  the  piv 
ton-rod.  This  circular  plate  thus  pressed  downwards,  acted 
upon  pins  or  plugs  which  pressed  together  tho  top  and  bot- 
tom of  the  cylinder  in  the  aame  manner  as  they  were  pressed 
together  by  the  screws  connecting  them  as  already  described. 

Metallic  Pistons. 

(H^.)  The  notion  ofcoDStrtxctiugapistonsoastomovestearo* 
tight  in  the  cylinder  without  the  use  of  packing  of  vegetable 
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jwired  at  ihe  same  temperatures  and  under  equal  prpRsures. 
In  this  combination  heat  is  evolved  in  very  large  quantities. 
This  effect  ariacs  frum  the  heat  pre%'iuu8ly  latent  in  the 
carbon  and  oxygen  being  rendered  sensible  in  the  process 
of  combustlun.  The  carbonic  acid  proceeding-  from  the 
Aombustion  is  by  &ucb  means  raised  to  a  very  high  tem- 
perature, and  the  carbon  during  the  process  ac<i[uircs  a  lieat 
so  intense  as  to  become  luminous ;  no  fi&me,  bowever,  is 
produced. 

Hydrogen,  heated  to  a  temperature  of  about  1000°,  in  con- 
tact with  oxygen  will  combine  with  the  latter,  and  a  great  evo- 
lution of  heat  will  attend  the  process  ;  the  gases  will  be  ren- 
den.*d  luminous,  and  fiame  will  be  produced.  The  product  of 
thij  process  will  be  water,  which  being  exposed  to  tlic  in- 
tense heat  of  combustion,  will  be  immediately  converted  into 
steam.  Hydrogen  combines  with  eight  times  its  own  wtrigUt 
of  oxygen,  producing  nine  Umes  its  own  weight  of  water. 

Hydrogen  gaa  is,  however,  not  usually  disengaged  from 
coal  in  a  simple  form,  but  combined  chemically  with  a  eertaia 
portion  of  carbon,  the  combination  being  called  carburclted 
hydrogen.  Pure  hydrogen  burns  with  a  very  faintly  lumi- 
nous blue  iiame,  but  carburetted  hydrogen  gives  that  bright 
flame  occasionally  having  an  orange  or  reddish  tinge,  which 
i*  seen  to  issue  from  burning  coals :  this  is  the  gas  used  for 
illumination,  being  expelled  from  the  coal  by  the  process 
of  coking,  and  conducted  to  the  various  burners  through, 
proper  pipes. 

The  sulphur,  wlucli  in  a  very  small  proportion  is  contained 
in  coals,  is  also  combustible,  and  combines  in  the  process  of 
combustion  with  oxygen,  fonning  sulphurous  acid:  it  is  also 
sometimes  evolved  ui  combination  with  hydrogen,  forming 
sulphuretted  hydrogen. 

Atmospheric  air  consists  of  two  gasL-s,  azote  and  oxygen, 
mixed  together  in  the  proportion  of  four  to  one ;  five  cubic 
feet  of  atmospheric  air  consisting  of  four  cubic  feet  of  azote 
and  one  of  oxygen.  Any  combustible  will  combine  with  the 
oxygen  contained  in  atmospheric  air,  if  raised  to  a  temper- 
ature somewhat  higher  than  that  which  is  necessary  to  cause 
its  combustion  in  an  atmosphere  of  pure  oxygen, 

Jf  coals,  therefore,  or  otlier  fuel  exposed  to  atmospheric 
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fiir,  be  raised  to  a  sufficiently  high  temperature,  their  comT 
bustible  coustituents  will  combine  with  the  oxygen  of  the 
atmospheric  air,  and  all  the  phenomena  of  combustion  viU 
ensue.  In  order,  however,  that  the  combustion  should  be 
continned,  and  should  be  carried  on  'n'ith  quickness  and  ac* 
tirity,  it  is  necessary  tliat  the  carbonic  acid,  and  other  pro> 
ducts,  should  be  removed  firom  the  combustible  aa  they  an 
produced,  and  fresh  jwrtions  of  atmospheric  air  bniught  into 
contact  with  it;  otherwise  the  combustible  would  Kion  be 
surrounded  by  an  atmosphere  composed  chiefly  of  carbonic 
acid  to  the  exclusion  of  atmospheric  air,  and  therefore  of  un- 
combined  oxygen,  and  consequently  the  combustion  would 
cease,  and  the  fuel  be  extinguished.  To  maintain  the  com- 
bustion, therefore,  a  current  of  atmospheric  air  must  be  con* 
stantly  carried  through  the  fuel :  tlie  quantity  and  force  </ 
this  current  must  depend  on  the  quantity  and  quality  of  tho 
fuel  to  be  consumed.  It  must  be  such  tliat  it  shall  supply 
sufiicient  oxygen  to  the  fuel  to  maintain  tlie  combustion,  and 
not  more  than  sufficient,  since  any  excess  would  be  attended 
witli  the  effect  of  absorbing  the  heat  of  cumbustiou,  without 
contributuig  to  tlie  maintenance  of  that  etii-et. 

Heat  is  communicated  from  body  to  body  in  two  ways,  by 
radiation  and  by  contact. 

Rays  of  lieat  issue  from  a  heated  body,  and  are  dispened 
through  tlie  surrounding  space  in  a  manner,  and  according;  to 
laws,  similar  to  those  wliich  govern  the  radiation  of  lighu 
The  heat  thus  radiated  meeting  other  bodies  is  imparted  to 
them,  and  penetrates  them  with  more  or  less  facility  according 
to  their  physical  qualities. 

A  heated  body  also  brought  into  contact  with  another  body 
of  lower  temperature,  conununicatcs  heat  to  that  other  body, 
and  will  continue  to  do  so  until  the  temperature  of  the  two 
bodies  in  contact  aliall  be  equalised^  Heat  proceeds  from  fuel 
in  a  state  of  combustion  in  both  these  ways :  tlie  heated  fuel 
radiates  heat  in  all  directions  around  it,  and  the  heat  thoa 
nulialed  will  be  imparted  to  ail  parts  of  the  furnace  whicli 
ue  expoaed  to  the  fuel. 

The  gases,  which  are  tlie  products  of  the  combustion,  escaps 
&tim  the  fuel  at  a  very  high  temperature,  and  consequently, 
ill  acquiring  that  temperature  tliey  absorb  a  conaidvi 
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quantity  of  the  heat  of  combustion.  But  besides  tbe  gases 
actually  funucd  In  thu  process  uf  couibustlou,  Uie  azote  funn- 
ing four  fifths  of  the  air  carried  through  the  fuel  to  sup- 
port the  combustion,  absorbs  heat  firom  tlie  combustible,  and 
Tises  into  the  upper  part  of  the  furnace  at  a  high  temper- 
ature. These  various  gases,  if  conducted  directly  to  the  chim- 
ney, would  cany  off  with  them  a  considerable  quantity  of  the 
licat.  Provision  should  therefore  be  made  to  keep  them  in, 
contact  with  the  boiler  such  a  length  of  time  as  will  enable 
them  to  impart  such  a  portion  of  the  heat  which  they  have 
absorbed  from  the  fuel,  as  will  still  leave  them  at  a  tem- 
■perature  sufficient,  and  not  more  than  sufficient,  to  produce 
the  necessary  draft  in  the  eliimney. 

(147.)  The  forms  of  boiler  wliich  have  been  proposed  as 
the  most  convenient  for  the  attainment  of  all  these  requisite 
purposes  have  been  very  various.  If  strength  alone  were 
considered,  the  spherical  form  would  be  the  best ;  and  the 
early  boilers  were  very  nearly  hemispheres,  placed  on  a 
slightly  concave  base.  The  fonn  adopted  by  Watt,  called 
the  waggon  boiler,  consists  of  a  semi-cylindrical  top,  Hal  per- 
pendicular sides,  flat  ends,  and  a  slightly  concave  bottom. 
The  steam  intended  to  be  used  in  boilers  of  tliis  description 
did  not  exceed  the  pres.'mre  of  the  external  atmosphere  by 
more  than  from  3  to  5  lbs.  per  square  inch  ;  and  the  flat 
sides  and  ends,  though  unfavourable  to  sirength,  could  be  con- 
structed aufHciently  strong  for  tliis  purpose.  In  a  boiler  of 
this  Bort,  the  air  and  smolte  passing  through  the  flues  that 
are  carried  round  it,  are  in  contact  at  oiie  side  oidy  witli  the 
boiler.  The  brickwork,  or  other  materials  fonning  the  flue, 
must  therefore  be  non-conductors  of  heat,  that  they  may  not 
absorb  any  considerable  portion  of  heat  from  the  air  passing 
in  contact  with  them.  A  boiler  of  this  form  is  represented 
in^.  71. 

The  grate  and  a  part  of  the  flues  are  rendered  risible  by 
the  removal  of  a  portion  of  the  surrounding  masonry  in  which 
the  boiler  is  set.  Tlie  interior  of  the  boiler  is  also  shown  by 
cutting  ofl'one  half  of  the  semi-cylindrical  roof.  A  longitu- 
dinal vertical  section  is  shown  in^p.  73.,  and  a  cross  section 
in  ^g,  73.  A  horizontal  section  taken  above  the  level  of  the 
grate,  and  below  the  level  of  tlie  water  in  the  boiler,  showing 
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the  course  of  the  flues,  is  pivcn  In  ^y.  71-.     Tlie  corrcaptmil- 
ing  parU  in  all  the  figures  arc  marked  by  the  wimc  letters. 


Fv  "»• 


The  door  by  which  fuel  U  introduced  upon  the  grate  U 
jreprcscQted  at  a^  and  the  door  leading  to  the  ash-pit  at  ^ 
The  fire  l>ara  at  v  slope  downwards  from  the  front  at  an  angle 
of  about  25%  giving  a  tendency  to  the  fuel  to  move  from  ihf ' 
front  towards  the  back  of  the  grate.  Tlie  a&h-pit  D  la  con- 
structed of  Buch  a  magnitude,  form,  and  depth,  an  to  admit  a 
current  of  atmospheric  air  to  the  grate-bars,  sufficient  to  cur- 
tain the  combustion.  The  form  of  the  ash-pit  is  uraallj 
wide  below,  coutracting  towards  the  top. 

The  fuel  when  introduced  at  tlic  lire-door  a^  should  be  ki4 
on  tliat  part  of  the  grate  nearest  to  the  fire-door,  called  the 
dead  plates :  there  it  is  submitted  to  the  process  nf  cokings  by 
which  the  gases  and  volatile  matter  which  it  contains  are 
expelled,  and  being  carried  by  a  current  of  air,  admitted 


fuel  in  front  of  tlie  grali-  lias  befn  thus  cokedt  it  is  pushed 
back,  and  a  frcfth  fted  introducwl  iu  front.  The  coal  thus 
pushed  back  soon  bcconies  vividly  igniti'd,  and  by  continuing' 
this  process,  the  fuel  spread  over  the  tjrate  is  maintained  in, 
the  most  active  state  of  eonibuytioti  at  tlic  hinder  part  of  tlie 
grate.  By  such  an  arrangement,  the  smoke  produced  by  tlie 
combustion  of  tite  fuel  niiiy  be  burnt  before  it  enters  tlie 
flues.  The  ilajuc  and  heated  air  proceeding  from  the  burning 
fuel  arising  from  the  grate,  and  rushing  towards  the  back  of 
Uie  furnace,  passes  over  the  Jire-hridtfe  e,  and  is  carried 
through  the  flue  f  which  passes  luider  the  boiler.  This  flue 
(the  cwjss  section  of  which  is  shown  in  Jiy.  73,,  by  the  dark 
aliade  put  under  the  boiler)  is  verj-  nearly  equal  in  ividth  to 
the  bottom  of  the  boiler,  the  space  at  the  bottom  of  the 
boiler,  near  the  corners,  being  only  what  is  suflieient  to  give 
the  weight  of  the  boiler  support  on  the  masonry  forming  the 
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flue  L.  The  side  flue  is  represented,  stripped  of  the  masonry, 
in^.  71.,  and  also  appears  in  the  plan  in^.  "i.,  and  in  the 
cross  section  in  Jiff.  73.  ITie  course  of  the  air  18  represented 
in^.  74.  bv  the  arron-ii.  From  the  flue  l  the  air  is  con- 
ducted into  the  chimney  at  m. 

By  such  an  arrangement,  the  flame  and  heated  air  proceed- 
ing from  the  grate  are  made  to  circulate  round  tlie  boiler, 
and  the  length  and  magnitude  of  the  fl,uc8  through  which 
it  is  conducted  should  be  such,  that  when  it  shall  arrive  at 
the  chiimicy  its  temperature  shall  be  reduced,  as  nearly  as  is 
consistent  with  the  maintenance  of  draught  in  the  chimney, 
to  the  Icraperature  of  the  water  w  ith  which  it  is  in  contact. 

The  method  of  feeding  the  furnace,  which  has  been  de- 
scribed above,  is  one  which,  if  conducted  with  skill  and  care, 
would  produce  a  much  more  perfect  combustion  of  the  fuel 
llum  would  attend  the  common  method  of  filling  the  grate 
from  the  hack  to  the  front  with  fresh  fuel,  whenever  the  fur- 
nace is  {cd.  This  method,  however,  is  rarely  observed  in  the 
mani^ement  of  the  furnace.  It  requires  the  constant  atten- 
tion of  the  stokers  (such  is  the  name  given  to  those  who  feed, 
the  furnaces).  The  fuel  must  be  supplied,  not  in  large 
quantities,  and  at  distant  internals,  but  in  small  quantities 
and  more  frequently.  On  the  other  hand,  the  more  common 
practice  is  to  allow  the  fuel  on  the  grate  to  be  in  a  great 
degree  burned  away,  and  then  to  heap  on  a  large  quantity  of 
fresh  fuel,  covering  over  with  it  the  burning  fuel  from  the  back 
to  the  front  of  the  grate.  When  this  is  done,  the  heat  of  the 
ignited  coal  acting  upon  the  fresh  fuel  introduced,  expels  the 
gases  combined  with  it  and,  nuxed  with  these,  a  quuiuity  of 
carbon,  in  a  state  of  minute  division,  forming  an  opaque  black 
smoke.  This  is  carrieti  through  tbir  flufs  juid  drawn  up  the 
chimney.  The  consequence  is,  tluit  not  oidy  a  quantity 
of  solid  fuel  is  sent  out  of  the  chinmey  unconsuined,  hut 
the  hydrogen  and  other  gases  also  escape  iinburned,  and  a 
proportional  waste  of  the  combustible  is  produced ;  besides 
which,  the  nuisance  of  au  atmosphere  filled  witli  smoke 
ensues.  Such  effects  are  nsible  to  all  who  obser\'e  the  chim- 
neys of  steam-vessels,  while  the  engine  is  in  operation.  When 
the  furnaces  are  thus  filled  with  fresh  f\icl,  a  large  volume  of 
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dense  black  smoke  in  obsen-ed  to  isarae  from  the  chimiK-jr. 
This  gradually  subsides  as  the  fuel  on  the  grate  u  ignited, 
and  does  not  reappear  until  a  fresh  feed  ix  introdured. 

This  method  of  feeding,  bv  which  the  furnace  would 
be  made  to  consume  its  own  smoke,  and  the  com- 
bustion of  the  fuel  be  rendered  coDipIete,  is  not  bowerer 
free  from  counteractinj?  effects.  In  ordinorj*  fumacea  the 
feed  can  only  l>e  introduced  by  opc>ning  the  fire-doon,  and 
durint;  the  time  the  Itre-doors  arc  opened  a  volume  of  cold 
air  rushes  in,  which  passing  through  the  furnace  is  carried 
tlirough  the  flues  to  the  chimney.  Such  is  the  effect  of  this 
in  lowering  the  tempcrutuxe  of  tlie  flues,  that  in  roanj  ones 
the  loss  of  heat  occasioned  is  greater  than  any  economy 
of  fuel  obtained  by  the  complete  consumption  of  smoke. 
Various  methods,  however,  may  be  adopted  by  which  fuel 
may  be  supplied  to  the  grate  witliout  opening  the  fire-doon, 
and  without  disturbing  the  supply  of  air  to  the  fire.  A 
hopper  built  into  the  front  of  the  furnace,  with  a  moveable 
bottom  or  valve,  by  which  coals  may  be  allowed  to  drop  in 
from  lime  to  time  upon  the  front  of  tlie  grate,  would  ac- 
complish this. 

(14^.)  In  order  to  secure  the  combustion  of  tiiegaaeit 
from  tlie  coals  placed  in  the  front  of  the  grate,  it  U 
sary  that  a  supply  of  atmospheric  air  should  be  admitted 
with  them  over  the  burning  fuel.  This  it  effected  by  onalli 
apertures  or  regulators,  provided  in  the  fire-doors,  governed 
bj  sliding-plates,  by  which  they  may  be  o|)ened  or  cloeed  to 
aity  required  extent. 

A  patent  has  recently  been  granted  to  Mr,  Williams, 
one  of  the  directors  of  the  City  of  Dublin  Steam  Navigeliaa 
Company,  for  a  method  of  consuming  the  unburned  gaaea 
which  escape  from  the  grate,  and  are  carried  through  the 
flues.  This  method  consists  in  introducing  into  the  flur 
tubes  placed  in  a  vertical  position,  tlie  lower  ends  of  which 
being  inserted  in  the  bottom  of  the  flue  are  made  to  com- 
municate with  the  ash-pit,  and  the  upper  ends  of  which 
are  cloeed.  The  sides  and  tops  of  these  tubes  are  pierced 
with  small  holes,  tlin>ugh  which  atmospheric  air  drawn  from 
the  aah-pit  issues  in  jets.  The  oxygen  supplied  by  this  air 
immediately  combines  with  the  carburetted  hydrogen,  which 
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having  escaped  from  the  furnace  unbumed  is  carried  t}irnugli 
the  flues  at  a  sufficient  temperature  to  enter  into  combination 
with  the  oxj-gen  admitted  through  holes  in  ibt-  tubes.  A 
Dumber  of  jeta  of  flame  thus  proceed  from  these  holes,  having 
an  appearance  similar  to  tlic  flame  of  a  gas-lamp. 

It  is  e^*ident  that  such  tubes  must  be  ineflicicnt  unless 
they  are  placed  in  the  flues  go  near  the  furnace,  tliat  the 
temperature  of  the  imbumed  gases  shall  be  sufficiently  high 
to  produce  their  combustion. 

(149.)  The  magnitude  of  the  grate  and  ash-pit  must  be  deter- 
mined by  the  rate  at  which  the  evaporation  is  required  to  be 
conducted  in  the  boiler  and  the  quality  of  the  fuel.  It  must 
be  a  matter  of  regret,  that  the  proportions  of  the  various 
parts  of  stvam-engines,  with  their  boilers  and  furnaces,  have 
not  been  determined  by  any  exact  or  satisfactory  experi- 
nieutd ;  and  those  who  project  and  manufacture  the  engines 
themselves,  are  not  less  in  ignorance  on  those  points  than 
others.  With  coals  of  the  conunon  quality  a  certain  average 
proportion  must  exist  between  the  necessary  magnitude  of 
the  grate-surlace  and  the  quantity  of  water  to  be  evapor- 
ated in  a  given  time  in  the  boiler.  But  what  that  pro- 
.portion  is  for  any  given  quality  of  fuel,  is  at  present  unas- 

rtained.  Each  engine-maker  follows  his  own  rule,  and 
the  rule  thus  followed  is  in  most  cases  a  matter  of  bare  con- 
jecture, unsupported  by  any  experimental  eWdence.  Some  en- 
gine-makers will  allow  a  square  foot  of  grate-sui"face  for  every 
cubic  foot  of  water  per  hour,  which  is  expected  lo  be  eva- 
porated in  the  boiler;  others  allow  only  half  a  square  foot: 
and  practice  varies  between  these  limits.  Bituminous  coals 
which  melt  and  cake,  and  which  bum  with  much  flame  and 
smoke,  must  be  spread  more  thinly  on  the  grate  than  other 
descriptions  of  fuel,  otherwise  a  considerable  quantity  of 
combustible  gases  would  be  dismissed  into  the  flnes  unbumt. 
Sucli  coals  therefore,  other  circunistutices  being  the  same, 
require  a  larger  portion  oi"  grate-surface ;  and  the  same  may 
be  said  of  coals  which  produce  clinkers  in  their  conibustionj 
and  fonn  lumps  of  vitrified  ninttor  on  the  grate,  by  which  the 
spaces  between  the  grate-bars  arc  speedily  closed  up,     When 

,ch  fuel  is  used,  the  grate-bars  require  to  be  frequently  raked 
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out,  otherwise  the  sjkiccs  between  them  being  obstructed, 
the  draught  would  become  insufiicicnt  for  the  due  corobuatian 
of  the  fuel. 

To  facilitate  the  raking  out  of  the  gratct  the  ban  a» 
placed  with  their  ends  towards  the  fire-door:  they  arc  luoally 
made  of  cast-iron,  from  two  to  two  inches  and  a  half  wide  on 
the  upper  surface,  witli  intervals  of  nearly  half  an  inch 
between  them.  The  bars  taper  downwards,  their  under 
surfaces  bein^  much  narrower  than  their  uppor.  Uie  spaoet 
between  them  thus  wideuiiig,  to  facilitate  the  fall  of  the 
uhcs  between  them.  The  grnte-bars  slope  downwards  from 
the  front  to  the  back.  The  height  of  the  centre  of  the 
bottom  of  the  boiler,  above  the  front  of  the  grate,  is  usually 
about  two  feet,  and  about  Uirec  feet  above  the  back  of  it. 
The  concave  botluiii  of  tlie  Iniiler,  however,  brings  its  sur- 
faces at  the  slide  closer  to  the  grate. 

(150.)  Between  the  evaporating  power  of  the  Iwiler,  and  tlie 
magnitude  of  surface  it  exposes  to  the  action  of  the  furnace, 
there  is  a  relation  wliich,  like  that  of  the  grate  surface, 
has  never  been  ascertained  by  any  certain  or  satisfactory 
experimental  investigation ;  much  less  have  the  difiercnl 
degrees  of  eflicicncy  attending  diiferent  parts  of  the  boiler* 
surface  been  determined.  That  port  of  the  surface  of  the 
boiler  immediately  over  and  around  tlte  grate,  is  exposed  to 
the  immediate  radiation  of  the  huniing  fuel,  and  is  therefore 
probably  the  most  efficient  in  the  production  of  steam.  The 
tendency  of  flame  and  heated  air  to  rise,  would  nature 
ally  bring  them  in  the  flues  into  closer  contact  with  ihose 
parts  of  the  boiler-surface  which  are  horizontal  in  their  poijtioii, 
and  which  form  the  tops  of  the  flues,  than  with  tliose  which 
are  lateral  or  vortical  in  their  position,  and  wliich  form  the 
sides  of  the  flues.  In  a  boiler  constructc<l  like  that  already 
described,  the  flue-surface  therefore,  which  would  be  most 
efficient,  would  be  the  concave  bottom  of  tlie  boiler  extend- 
ing from  the  flrc-.bridgc  to  its  remote  end.  In  some  boileta, 
especially  those  in  which  steam  of  high  pressure  is  produced, 
the  form  Is  cylindrical,  the  middle  flue  being  formed  mio 
an  elliptical  tube  the  greater  axis  of  which  is  horizontal 
from  end  to  end  of  the  boiler.     It  seems  doubtful,  however. 
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whether  iu  such  &  boiler  the  heat  produces  any  uoeftil  effect 
on  the  water  below  the  flue,  the  water  above  being  always  at 
H  higher  tcmpernture,  and  therefore  lighter  tlian  that  below, 
and  conKequently  no  currents  being  established  between  th« 
upper  and  lower  strata  of  the  water. 

Jt  waa  couKidered  by  Mr.  Watt,  but  we  are  not  aware  on 
what  experimental  gruunds,  that  from  eight  to  ten  s<}uare 
feet  of  heating  surface  were  sufficient  to  produce  the  eva- 
poration of  one  cubic  foot  of  water  per  houi.  The  practice 
of  engine -makers  since  tliat  time  has  been  to  increase  the 
allowance  of  heating  'surface  for  the  same  rate  of  evapor- 
ation. Engine- builders  have  varied  very  much  in  this 
respect,  some  allowing  twelve,  fifteen,  and  even  eighteen 
square  feet  of  surface  for  the  same  rate  of  evaporation.  It 
must,  however,  still  be  home  in  mind,  that  whether  this 
increased  allowance  did  or  did  not  produce  the  actual  eva- 
poration imputed  to  it,  has  not  been,  oa  far  as  we  are 
informed,  ever  accurately  ascertained.  The  production  of  a 
given  rate  of  evaporation  by  a  moderate  heat  diffused  over 
a  larger  surface,  rather  than  by  a  fiercer  temperatiurc  conlined 
to  a  smaller  surface,  is  attended  with  many  practical  advan- 
tages. The  plateti  of  the  boiler  acted  upon  by  the  fire  are 
Imb  exposed  to  oxydUation,  and  the  boiler  will  be  propor- 
tionally more  diu"able. 

(151.)  Besides  presenting  to  the  action  of  the  fire  a  sulGcicut 
mrface  Co  produce  steam  at  the  required  rate,  the  capacity 
of  the  boiler  must  be  proportioned  to  the  quuntily  of  water  to 

Bhe  cvaporotcd.  The  space  within  the  boiler  is  appropriated 
to  a  twofold  purpose:  Ut,  To  contain  llie  water  to  be  eva- 
porated; 2dly,  To  contain  a  quantity  of  ready  made  steam 
for  the  supply  of  the  cylinder.  If  the  space  appropriated  to 
the  steam  did  not  bear  a  considerable  proportion  to  the 
magnitude  of  the  cylinder,  the  momentary  expansion  of  tlie 
fteam  passing  to  tlic  cylinder  from  the  boiler  at  each  stroke 
would  reduce  the  pressure  of  the  steam  in  a  great  pro- 
portion, and  unless  the  pressure  in  the  boiler  were  con- 
siderably greater  tlmn  that  which  the  steam  is  intended  to 
have  in  the  cylinder,  the  pressure  in  the  latter  would  be 
reduced  below  llie  proper  amo\mt.     The  proportion  of  tli» 
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Steam  space  in  the  boiler  to  the  magnitude  of  the  cylinder 
ha^  been  very  variously  estimated,  iiur  can  it  be  said  that 
any  practical  rule  of  a  general  kind  has  been  adopted.  It  is 
held  by  some  that  the  steam-space  will  be  sufficient  if  it 
contain  five  times  the  quantity  of  steam  commmcd  at  each 
stroke,  while  otlicrx  maintain  that  it  should  contain  at  least 
ten  times  that  quantity,  and  opinions  vor)'  between  these 
limits. 

(152.)  The  proportion  of  water-space  in  the  buik>r  to  its 
evaporating  power  should  also  be  regulated,  so  that  the  intro- 
duction of  the  feed  at  a  comparatively  low  temperature  may 
not  unduly  chill  the  water  in  tlie  boiler.  Supposing  the 
feed  to  be  introduced  in  a  low  pressure  boiler  at  the  temper- 
ature of  lOO*,  and  that  the  necessarj-  tempfrature  within  the 
boiler  be  223°,  the  quantity  of  water  it  contains  should  he 
about  five  tL]ut.'!j  the  quantity  evaporated,  and  therefore  also 
five  times  the  quantity  introduced  through  the  feed  per  hour. 
For  every  cubic  foot  of  water  per  hour  therefore,  intended 
to  be  evaporated  by  the  Ijoiler^  water-space  for  five  cubic  feel 
should  be  provided.  It  is,  however,  right  to  repeat  that  this 
(like  almost  every  other  so  called,  rule)  is  the  result  not  of  any 
exact  general  calculation,  but  one  deduced  from  the  custom 
which  1ms  obtained  among  the  manufacturers  of  steam- 
engines. 

(153.)  The  surface  of  the  water  in  the  boiler  should  alwa\'s 
be  above  the  range  of  the  Hues.  When  the  heated  air  in  the 
flues  acta  upon  a  part  of  the  boiler  within  which  water  is 
contained,  the  water  within  receiving  an  increased  temper- 
ature becomes,  bulk  fur  bulk,  lighter  tlian  the  strata  of  water 
above  it,  and  ascends.  It  is  replaced  by  the  descending 
strata,  which,  in  their  turn  receiviug  increased  temperature, 
rise  to  the  surface ;  or  if  the  action  of  the  heat  convert  tlic 
water  into  steam,  the  bubbles  of  steam  rise  to  the  surface, 
fresh  portions  of  water  continually  coming  into  contact  with 
tlie  boiler-plates  on  whicli  tlic  heated  air  or  flame  acts.  By 
this  process  the  boiler-plates  ore  continually  cooled,  eitlier  by 
being  successively  washed  by  water  at  a  lower  temperature, 
or  by  the  heat  taken  from  tliem  becoming  latent  in  the  steam 
bubbles  formed  in  contact  with  them.     But  if  the  heat  act 
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upon  a  part  of  the  boiler  containing'  steam  witliin  it,  which 
sleant  being  a  slow  recipient  uf  beat,  and  nu  currents  being 
established,  nor  any  phenomenon  produced  in  which  heat  is 
rendered  latent,  the  heat  of  the  fire  communicated  to  tlic 
boiler-plates  accumulates  in  them,  and  raises  their  temper- 
ature to  an  injurious  de^ee.  The  plates  may  by  tins  means 
be  softened,  so  as  to  cause  the  boiler  to  burst,  or  the  diifer- 
ence  between  tlie  exijansion  of  the  highly  heated  plates  tlius 
exposed  to  fire  in  contact  with  steam  and  that  of  the  plates 
which  are  cooled  by  contact  with  water,  may  cause  the 
joinings  of  tlie  boiler-plates  to  open,  and  the  boiler  to  leak. 
By  whatever  means,  therefore,  the  boiler  be  fed,  care  should 
be  taken  Lliat  tlie  evaporation  slioutd  not  be  allowed  to  reduce 
the  level  of  the  water  in  it  below  the  highest  llue. 

(154.)  As  the  water  by  which  the  boiler  ja  fed  must  always 
have  a  much  lower  temperatiU'C  than  that  at  which  the  boiler 
is  maintained,  the  supply  of  the  feed  will  have  a  constant 
tendency  to  lower  the  temperature  of  the  water,  and  this 
tendency  will  be  determined  by  the  proportion  between  the 
magnitude  of  the  feed  and  the  quantity  of  water  in  the 
boiler. 

Since  it  is  requisite  that  the  level  of  the  water  in  the 
boiler  shall  not  suffer  any  considerable  change,  it  is  evident 
that  the  magnitude  of  the  feed  must  be  equal  to  the  quantity 
of  water  evaporated.  If  it  were  leas,  tlie  level  of  the  water 
would  continually  fall  by  reason  of  the  excess  of  the  eva- 
poration over  the  feed ;  and  if  it  were  greater,  the  level  would 
rise  by  the  accumulation  of  water  in  the  boiler.  If  therefore 
the  quantity  of  water-space  allowed  in  the  boiler  be  five 
times  the  volume  of  water  evaporated  per  hour,  the  quantity 
iutroduced  by  the  feed  per  hour,  whether  continuously  or  at 
intervals,  must  be  of  the  same  amount.  Since  the  process 
of  evaporation  is  continuous,  the  variation  of  level  of  water 
in  the  boiler  will  be  entirely  dependent  on  the  intervals 
between  the  successive  feeds.  If  the  feed  be  continuous, 
and  always  equal  to  the  evaporation,  then  the  level  of 
the  water  in  the  boiler  will  undergo  no  change;  but  if 
while  the  evaporation  is  continuous  the  feed  be  made  at 
internals,  then  the  change  of  level  of  water  in  the  boiler  as 
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well  35  its  change  of  temperature,  will  be  subject  to  a  v»- 
riation  proportional  to  the  inten'ols  between  the  succesaire 
fectls.  It  is  manifest,  therefore,  thai  the  feed  should  eitWr 
be  uninterrupted  ur  be  supplied  at  sthort  inten'ala,  im>  thai  tbe 
change  of  level  and  temperature  of  tlie  water  in  tho  boiler 
should  not  be  considerable. 

(15o.)  Ditferent  methods  have  been,  firom  time  to  timC) 
BU^ested  for  indicating  the  level  of  the  water  in  llio  boilttr. 
We  have  already  mentioned  the  two  f^aufjre-pipea  used  iu  the 
earlier  ateam-engines  (31.),  and  which  are  still  generally 
continued.  There  are,  however,  some  other  methods  which 
merit  our  attention. 
^^^  A  weight  F  {Jiff.  75.),   half  immersed  in  the  water  in  the 

^^B  J^      jr^.  7j    boiler,  ifl  supported  by  a  wire,iiduch, 

^^^^^B  l^j^j  passing  steam-tight  through  a  sanall 

^^^^^A  ^""h  '^^'^  '"  ^^^  ^P'  '^  connected  by  a 

^^^^|ft  B  flexible  string,  or  chain,  pASHing  orer 

W  I  "■  a  wheel   w,  with  a  counterpoiae  a, 

■  f  which  is  just  sufficient  to  balance  f 

B  ic^^BI^Bx^^*^"^     when  half  immersed.     If  f  be  raised 

^^H  ^^^S^^S^^'  ^  above  the  water,  a  bring  lighter 
H^^B^S^V"  *!  1'  ^'*^^  "**  longer  balance  il,  and  r  will 
"  descend  pulling  up  a,  and  tuniing 
the  wheel  w.  If,  on  the  other  hand,  p  lie  plunged  deeper 
in  the  water,  \  will  more  than  balance  it,  and  will  pull  it  up, 
ao  that  the  only  position  in  which  r  and  a  will  balance  each 
other  is,  when  f  is  half  immersed.  The  wheel  w  ia  ao 
adjusted,  that  when  two  pins  placed  on  its  rim  arc  in  the 
horizontal  position,  the  water  is  at  its  proper  level.  Con- 
sequently it  follows,  that  if  the  water  rise  above  this  levd, 
tlie  weight  F  is  lifted  and  a  falls,  so  that  the  pins  come 
into  another  position.  If,  on  tlie  other  hand,  the  level  of 
the  water  fall,  f  falls  and  a  rises,  so  that  the  pins  ajntme 
8  different  position.  Thus,  in  geuerni,  the  position  of  the 
pins  becomes  an  indication  of  the  quantity  of  water  in  the 
boiler. 

(I5G.)  Another  method  istoplnce  a  glass  tube  (_/S^.7G.),with 
one  end  t  entering  the  boiler  above  the  proper  level,  and 
the  other  end  r'  entering  it  below  the  proper  level.    It  must 
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/%.  76.  be  evident  that  the  water  in  the  tube 

will  always  staiul  at  the  same  level  as  the 
water  in  ilie  boik-r,  since  the  lowt-r  part 
has  a  free  coimnunication  with  that 
water,  while  the  surface  is  submitted  tu 
the  pressure  of  the  same  steam  as  the 
water  iu  the  boiler.  This  and  the  last- 
mentioned  gauge  have  the  advantage  of  addressing  the  eye 
of  the  engineer  at  once,  without  any  adjustment ;  whereas 
the  gauge-cocks  must  be  both  opened,  whenever  the  depth  is 
to  he  ascertained. 

These  gauges,  however,  require  the  frequent  attention  of 
the  engine-man ;  and  it  becomes  desirable  either  to  find  some 
more  efleetual  means  of  awakening  tliat  attention,  or  to 
render  the  supply  of  the  boiler  independent  of  any  attention. 
In  order  to  enforce  the  attention  of  the  engine-man  to 
replenish  the  boiler  when  partially  exhausted  by  evaporation, 
a  lube  was  sometimes  inserted  at  the  lowest  level  to  which  it 
was  intended  that  the  water  should  be  permitted  to  fa)]. 
This  tube  was  conducted  from  the  boiler  into  the  engine- 
house,  where  it  terminated  in  a  mouth-piece  or  whistle,  so 
that  whenever  the  water  fell  below  the  level  at  wliich  this 
tube  was  inserted  in  the  boiler,  the  steam  would  rush 
through  it,  and  issuing  with  great  velocity  at  the  mouth- 
piece, would  summon  the  engineer  to  ius  duty  with  a  call 
that  would  rouse  him  even  from  sleep. 


JV-  77. 


(157.)  It)  the  most  effectual  of 
these  methods,  the  task  of  re- 
plenishing the  boiler  should  still 
be  executed  by  the  engineer ;  and 
the  utmost  that  the  boiler  itself 
was  made  to  do,  was  to  give  due 
notice  of  the  necessity  for  the 
supply  of  water.  The  conse- 
quence was,  among  other  incon- 
veniences, that  the  level  of  the 
water  was  subject  to  constant 
variation. 
To  remedy  this  a  method  has  been  invented,  by  which 


'^08 


THE    STEAM    KNOINE. 


the  engine  is  made  to  feed  iu  own  boiler.  The  pipe  o 
{Jig,  77.),  which  leads  from  the  hot  water  pump,  terminale« 
in  a  small  cistern  c  in  which  the  water  is  received.  In  tKe 
bottom  of  this  cistern,  a  valve  v  is  placed,  which  opeM 
upwards,  and  communicates  with  a  feed-pipe,  which  de- 
scends into  the  boiler  below  the  level  of  the  water  in  it 
The  stem  of  the  valve  v  is  connected  with  a  lever  turning  on 
the  centre  d,  and  loaded  with  a  weight  f  dipped  in  the 
water  in  the  boiler  lu  a  maimer  similar  to  that  described 
in  j^,75.,  and  balanced  by  a  counterpoii»e  a  in  exactly  the 
same  way.  When  the  level  of  the  water  ia  tiie  boiler  ialls, 
the  float  F  falls  %vith  it,  and  pulling  down  the  arm  of  the 
lever  raises  tlie  valve  v,  and  lets  the  water  descend  into  the 
boiler  from  the  cistern  c.  When  the  boiler  has  thua  been 
replenished,  and  tlie  level  raised  to  its  former  place,  P  will 
Again  be  raised,  and  the  valve  v  closed  by  the  weight  a.  In 
practice,  however,  the  valve  v  adjusts  itself  by  means  of  the 
effect  of  the  water  on  the  weight  p,  so  as  to  permit  the  water 
from  tlic  feeding-cistern  c  to  flow  in  a  continued  stream, 
just  sufficient  in  quantity  to  supply  the  consumption  from 
evaporation,  and  to  maintain  the  level  of  the  water  in  the 
boiler  constantly  the  same. 

By  tliis  arnuiirement  the  boiler  is  made  to  replenish  itaoU^ 
or,  more  properly  KpeakJng,  it  is  made   to   receive  such  a 
supply,  as  tliat  it  never  wauts  replenishing,  an  eflfect  which 
no  effort  of  attention  ou  the  part  of  an  engine-man  could 
produce.     But  this  is  not   the  only  good  effect  produced  by 
this  contrivance.     A  part  uf  the  steam  which  originally  lefiE^ 
the  boiler,  and  having  discharged   its  duty  in  moving 
piston,  WHS  condeiLsed  and  reconverted  into  water,  and  I 
by  the  air-pump  iu   the   hot  well   {Jig.  77.),    is  here 
restored  to  tlie  source  from  which  it  c«ine,  bringing  back 
tlie  UQConsumed  portion  uf  its  heat  preparatory  to  being 
more  put  in  circulation  througli  tlie  machine. 

The  entire  quantity  of  hot  water  pum|K*d  into  the 
Cf  is  not  always  necessary  for  the  boiler.     A  wo&te-pipo 
be    provided   for  carrying    ofl'  the   surplus,   which    may 
turned  to  any  purjiosc  for  wliicli   it  may  be  required  ;  or  i 
may  be   discharged  into  a  cistern   to  cool,  prcpanUocy 
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ng  restored  to  the  cold  cistern,  in  case  water  for  the 
iply  of  that  cistern  be  not  sufficiently  abundant. 
158.)  Another  method  of  arranging  a  self-regulating  feeder 
bovu  irJ^.  TS.      a  is  a  hollow  ball  of  metal  attached  to 
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jd  of  a  lever,  whose  fulcrum  is  at  p.     The  other  arm  of 

lever  c  Is  coiuiccted  with   the  stem  of  a  spin  die -valve, 

imunicating  witli  a  tube  which  receives  water  from  tlie 

iling-cisteni.      Thus,  vvhen   tlie  level  of  the  xvatcr  In  tlie 

ler  subsides,  the  ball  a  preponderating  over  the  weight  of 

opposite  arm,  the  lever  falls,  the  arm  c  rises   and  opens 

valve,  and  admits  the  feeding  water.      Tliis  apparatus 

I  evidently  act  in  tlie  same  manner  and  oti  the  :»auic  priu- 

les  as  that  alreadv  described. 
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Fig- 79, 


The  mouth  of  the  tube  by  which  the  feed  is  mtrodt 
should  be  placed  at  that  part  of  the  boiler  which  is  nearest 
the  end  of  the  flues  which  issue  into  the  chimney.  By  such 
mcanH  the  temperature  of  the  water  in  contact  with  tliooe 
flues  will  be  lowest  at  the  place  where  the  temperature  of 
the  heated  air  intended  to  act  upon  it  is  also  lowest.  The 
difference  of  the  temperatures  will  titereforc  be  greater  than 
it  wouhl  be  if  tlie  point  of  the  boiler  containing  water  of 
a  higher  temperature  was  left  in  contact  with  this  port  of 
the  flue, 

(159.)  It  is- necessary  to  have  a  ready  method  of  ascertain- 
ing at  all  times  the  pre&sure  of  the  steam  which  ia  used  in 
working  the  engine,  For  this  purpose  a  bent  tube  contain- 
ing  mercurj"  is   Inserted  into  some    part  of   the   apparatus, 

which  has  free  conununication  with 
tlie  steam.  Lrf;t  ABC  (Jiff.  79.) 
be  such  a  tube.  The  pressure  of 
the  steam  forces  tlie  mercury  down 
in  the  leg  a  b,  and  up  in  the  leg 
B  c.  If  the  niercurj*  in  both  le^s 
be  at  exactly  the  same  level,  the 
pressure  of  llie  steam  must  be 
exactly  equal  to  that  of  the  atmo- 
sphere; because  tlie  steam  pressure 
on  tlie  mercury  in  a  b  balances 
the  atmospheric  pressure  on  the 
mercury  in  B  c.  If,  however,  the 
level  of  the  mercury  in  B  c  be 
J  ,  V  ""^Pry    above  the  level  of  the  mercury  in 

^ J  ,(■  ■         B  A,  the  pressure  of  the  steam  will 

exceed  that  of  the  atmosphere. 
The  excess  of  iu  pressure  above  that  of  the  atmosphere  may 
be  found  by  obsenitig  the  riifTereuce  of  the  level  of  Ute 
mercury  in  the  tubes  b  c  and  n  a,  allowing  a  pressure  of 
one  pound  on  ench  square  inch  for  every  two  inches  iu  the 
difference  of  the  levels. 

If,  on  the  contrary,  the  level  of  the  mercurj'  in  B  c  should 
fall  below  ita  level  in  a  b,   the  atniosi>heric  pressure  will 
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exceed  thai  of  the  steam,  and  the  quantity  of  the  excess  may 
Iw  ascertained  exactly  in  the  same  way. 

If  the  tube  be  glass,  the  diiTervnce  of  levels  of  Uie  mercury 
-would  be  Tisible;  but  it  is  most  commonly  made  of  iron; 
And  in  order  Co  ascertain  the  level,  a  thin  wooden  rod  with 
a  float  is  inserted  in  the  open  end  of  b  r,  so  that  the  portion 
of  the  stick  witljjn  the  tube  indicates  the  distance  of  the  level 
of  the  mercury  from  its  mouth.  A  bulb  or  cistern  of  mercury 
might  be  substituted  for  tlie  lc|?  A  B,  as  in  the  common  baro- 
meter.     This  instrument  is  called  the  steam-gauge. 

If  the  steam-gauge  be  used  as  a  measure  of  the  strength 
of  the  steam  which  presses  on  the  piston,  it  oupht  to  be  on 
the  same  side  of  the  throttle- valve  (which  is  repxilated  by  the 
governor)  as  the  cylinder;  for  if  it  were  on  the  same  side  of 
the  throttle-valve  with  the  boiler,  it  would  not  be  affected  by 
the  changes  which  the  steam  may  undergo  in  passing  through 
the  throttle -valve,  when  partially  closed  by  the  agency  of  the 
governor. 

For  boilers  in  which  steam  of  ven,-  liigh  pressure  is  used, 
as  in  those  of  locomotive  engines,  a  steam-gauge,  constructed 
on  the  above  principle,  would  have  inconvenient  or  imprac- 
ticable  length.  In  such  boilers  the  pressure  of  the  steam  is 
equal  to  four  or  five  times  that  of  the  atmosphere,  to  indi- 
cate which  the  column  of  mercurj*  in  Uie  steam-gauge  would 
be  four  or  five  feet  in  height.  In  such  cases  a  thermo- 
meter-gauge may  be  used  with  advantage.  The  principle  of 
dtis  gauge  is  founded  on  the  fact,  that  between  the  pressure 
and  Icnipcrature  of  steam  produced  in  contact  with  water 
there  is  a  fixed  relation,  the  same  temperature  always  cor- 
Ktponding  to  the  same  pressure.  H,  therefore,  a  thenno- 
meter  be  immersed  in  the  boiler  which  shall  show  the 
temperature  of  the  steam,  a  scale  may  be  attached  to  it,  on 
which  shall  he  engraved  the  corresponding  pressures.  Such 
gauges  are  now  very  generally  used  on  locomotive  engines. 

(160.)  The  force  with  which  the  piston  is  pressed  depends 
on  two  things,  Ist,  the  actual  strength  of  the  steam  which 
presses  on  it ;  and,  iidly,  on  the  nctual  strength  of  the  vapour 
which  resists  it.  For  although  the  vacuiun  produced  by  tlie 
method  of  separate  condensation  be  much  more  perfect  than 
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what  had  been  produced  in  the  atmospheric  engines,  yet  still 
some  vapour  of  a  small  degree  of  elasticity  is  found  to  be 
raised  from  the  hat  water  in  the  bottom  of  the  condenser 
before  it  can  be  extracted  by  the  air-pump.  One  of  theae 
pressures  is  indicated  by  the  steam-gauge  already  described ; 
but  still,  before  we  can  estimate  tlie  force  with  which  the 
piston  descends,  it  is  necessary  to  ascertain  the  force  of  the 
vapour  which  remains  uncondensed,  aitd  resists  the  motion 
of  the  piston.  Another  gauge,  called  the  barometer-gauge,  is 
provided  for  this  purjjose.  A  glass  tube  A  B  {fi$.  80.),  more 
tlian  thirty  jnc)ics  long  and  open  at  both  ends,  is 
placed  in  an  upright  or  vertical  position,  having  the 
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*•  lower  end  b  immersed  in  a  cistern  of  mercury  c. 


To  the  upper  end  Is  attached  a  metal  tube,  which 
communicates  with  the  condenser,  in  which  a  con- 
stant vacuum,  or  rather  high  degree  of  rarefaction, 
is  sustained.  The  some  vacuum  must  therefore 
exist  in  the  tube  a  b,  abwe  the  level  of  the  mer- 
cury, and  the  atmospheric  pressure  on  the  surface 
of  the  mercury  in  the  cistern  c  will  force  the 
mercury  up  in  the  tube  a  b,  until  the  column  which 
is  suspended  in  it  is  equal  to  the  difference  between  the 
atmospheric  pressure  and  the  pressure  of  the  uncondcnsed 
steam.  Tlic  difierenee  between  tlie  column  of  mercury  sus- 
tained in  this  instrument  and  in  the  common  barometer,  will 
determine  the  strength  of  tlic  uucondensed  steam,  allowing  a 
force  proportional  to  one  pound  per  square  inch  for  every 
two  iuclies  of  mercury  in  the  difrcrcuce  of  the  two  coltunns. 
In  a  well-constructed  engine  which  is  in  good  order,  there  is 
very  little  diflercnce  between  the  altitude  in  the  barometer- 
gauge  and  the  common  barometer. 

To  conipiite  the  force  with  which  the  piston  descends,  thus 
becomes  a  very  simple  arithmetical  process.  First,  ascertiiin 
the  difference  of  the  levels  of  tlie  mercurv'  in  the  steam- 
gauge  ;  this  gives  the  excess  of  the  steam  pressiae  above  the 
atmospheric  pressure.  Then  find  the  hciglit  of  the  mercury 
in  the  borometer-gaugt* ;  this  gives  the  excess  of  the  atmo- 
spheric pressure  above  the  uncondenscd  steam.  Ileucc,  if 
theiK!  two  heights   be  added  together,  we  shall  obtain  the 
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excess  of  the  inipelling  force  of  the  steam  from  the  boUer,  on 
the  one  side  uf  the  piston,  ahovc  the  resistance  of  the  luicon- 
densed  steain  on  the  other  side  :  thin  will  give  the  effective 
impcUiug  force.  Now,  if  one  pound  be  allowed  for  every 
two  inches  of  mercury  in  the  two  culuiona  just  mentioned, 
we  shall  have  the  number  of  pounds  of  impelling  pressure 
on  every  scjuare  inch  of  the  pi:»ton.  Tiien,  if  the  number  of 
square  inches  in  the  section  of  the  piston  be  found,  and  mul- 
tiplied by  the  number  of  pounds  on  eacli  square  inch,  the 
force  with  which  it  moves  will  be  obtained. 

From  what  we  have  stated  it  appears  that,  in  order  to 
estimate  the  force  with  which  the  piston  is  urged,  it  is  ne- 
cessary to  refer  to  both  the  barometer  and  tlie  steam-gauge. 
This  double  compulation  may  he  obviated  by  making  one 
gauge  serve  both  purposes.  If  the  end  c  of  the  steatii-gauge 
(jfy.  79.),  instead  of  communicating  with  tlie  atmosphere 
were  continued  to  tlie  condenser,  we  should  have  tlie  pressure 
of  the  steam  acting  upon  the  mercunr"  in  the  tube  ba,  and 
the  pressure  of  the  uiicondenscd  vapour  which  resists  the 
piston  acting  on  the  mercurj'  in  the  tube  bc.  Hence  the 
difference  of  the  levels  of  tlie  mercury  in  the  tubes  would  at 
once  indicate  the  difference  between  the  force  of  the  steam 
and  that  of  the  uncondensed  vapour,  which  is  the  effective 
force  with  which  the  piston  is  urged. 

(IGI.)  But  these  nietbodH  of  determining  the  effective 
force  by  whirh  the  piston  is  urged,  can  only  be  regarded  as 
approximations,  and  not  very  perfect  ones.  If  the  conden- 
sation of  steam  on  one  side  of  the  piston  were  instanta- 
neously effected,  or  the  tincundenscd  vapour  were  of  the 
aame  tension  during  the  whole  stroke ;  and  if,  besides  this, 
the  pressure  of  steam  on  the  piston  were  of  uniform  intensity 
from  the  beginning  to  the  end  of  the  stroke,  then  the  steam 
aud  barometer  gauges  taken  together  would  become  an  accu- 
rate index  of  the  effective  force  of  steam  on  the  piston  :  but 
such  is  uol  tlie  case.  When  the  steam  is  first  admitted  l]irough 
the  ateam-valve  it  acts  on  the  piston  with  a  pressure  which  is 
first  slightly  diminished,  and  aftenvards  a  little  increased, 
until  it  arrives  at  that  part  of  the  stroke  at  which  the  steam- 
nilve  is  closed,  after  which  the  pressure  is  diminished.     The 
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pressure,  therefore,  urging  Uie  piston  ia  subject  to  'arNWi^Cj, 
but  tlie  pressure  of  the  unconHensed  vapour  on  the  otF^^^^ 
side  of  the  piston  is  subject  to  still  greater  change.  At  l^^j 
moment  the  exhausting-valve  is  opened,  llie  piston  is  relic 
from  the  pressure  upon  it  by  the  commencement  of  the 
denstttion ;  but  this  process  during  the  descent  of  the 
IS  gradual,  and  the  vacuum  is  rendered  more  and  more 
feci,  until  the  pistou  has  nearly  attained  the  limit  of  its  play. 
Tliese  variations,  both  as  well  of  the  force  urging  the  piston 
as  of  the  force  resisting  It,  are  such  as  not  to  be  capable  of 
being  accurately  nirasured  by  a  mercurial  column,  since  they 
would  produce  uscillations  in  such  a  column,  which  wooU 
render  any  obserx'ations  of  its  mean  height  impracticable. 

Tu  measure  the  mean  cfHcient  force  of  the  piston,  takiiig 
into  account  these  circumstances,  Mr.  Watt  invented  an 
instrument,  which,  like  all  his  mechanical  inventions,  bas 
answered  its  puqiose  perfectly,  and  is  still  in  geiKnl 
use.  This  instrument,  culled  an  ittdicator,  consists  of  % 
cylinder  of  about  \\  inch  in  diameter,  and  8  indies  is 
length.  It  is  bored  mtli  great  accuracy,  and  iitted  with  a 
solid  piston  moving  steam-tight  in  it  with  very  little  friction. 
The  rod  of  this  piston  is  guided  in  the  direction  of  the  axis 
of  tlie  cylinder  through  a  collar  in  \he  top,  so  as  not  to  be 
subject  to  friction  in  any  port  of  its  play.  At  the  bottom 
of  the  cylinder  is  a  j)ijie  governe<l  by  a  stop-cock  and  turned 
in  a  screw,  by  which  the  instrument  may  be  screwed  on  the 
top  of  the  steam -cylinder  of  tlie  engine.  In  this  positiuo,  if 
the  stop-cock  of  the  indicator  be  opened,  a  free  communi- 
cation will  be  made  between  tlie  cylinder  of  the  indicntor 
and  thiit  of  the  engine.  The  piston-rod  of  the  indicator  is 
attached  to  a  spiral  spring,  which  is  capable  of  extension 
and  compression,  and  which  by  its  elasticity  is  capable  of 
measuring  the  force  which  extends  or  compresses  it  in  the 
same  manner  as  a  spring  steel-yard  or  bolAnce.  If  a  scale  be 
attached  to  the  instrument  at  any  point  on  the  piston-rod 
to  which  an  index  might  be  attached,  then  the  position  of 
that  index  upon  the  scale  would  be  governed  by  the  position 
of  thu  indicalor-piaton  in  its  cylinder.  If  any  force  pressed 
the  indicator-piston  upwards,  so  as  to  compress  the  spring. 
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the  index  would  rise  upon  tlte  scale ;  and  if,  on  the  other 
hand,  a  force  pressed  the  indicator- piston  downwards,  then 
die  spiral  spring  would  he  extended,  and  the  index  on  the 
piston-rod  descend  upon  the  scale.  In  each  case  the  force 
of  the  spring,  whetlier  compressed  or  extended,  would  be 
equal  to  the  force  tirging  the  indJcator-pistou,  and  the  scale 
nught  be  so  divided  as  to  show  the  amount  of  this  force. 

Now,  let  the  instrument  be  supposed  to  be  screwed  upon 
Uie  top  of  the  cylinder  of  a  steam-engine,  and  the  stop-cock 
opened  so  as  to  leave  a  free  corainunicatioii  between  the 
^Under  of  the  indicator  below  its  pi.ston  and  the  cylinder  of 
the  steam-engine  above  the  steam-piston.  At  tlic  mnmcut 
the  upper  steam-valve  is  opened,  the  steam  rushing  in  upon 
the  steam-piston  will  al!<o  pass  into  the  indicator,  and  press 
the  indicator-piston  upwards:  the  index  upon  its  piston-rod 
will  point  upon  the  scale  to  tlie  amount  of  pressure  thus 
exerted.  As  the  steam-piston  descends,  the  indicator-piston 
will  van'  its  position  with  the  varying  pressure  of  the  steam 
in  the  cylinder,  and  the  index  on  the  piston-rod  will  play 
npon  the  scale,  so  as  to  show  the  pressure  of  tht'  steam  at 
each  point  during  the  descent  of  the  piston. 

If  it  were  possible  to  obsen-e  and  record  the  var^ang 
position  of  the  index  on  the  piston-rod  of  the  indicator,  and 
to  refer  each  of  these  varying  positions  to  the  corresponding 
point  of  the  descending  stroke,  we  should  then  be  able  to 
declare  the  actual  pressure  of  the  steam  at  everj-  point  of  the 
stroke.  But  it  is  evident  tltat  such  an  observation  would 
not  be  practicable.  A  method,  however,  was  contrived  by 
Mr.  Southern,  an  assistant  of  Messrs.  Boulton  and  Watt,  by 
which  this  is  perfectly  effected.  A  square  piepe  of  paper, 
or  card^  is  stretched  upon  a  board,  which  slides  in  grooves 
formed  in  a  frame.  This  frame  is  placed  in  a  vertical  posi- 
tion near  the  indicator,  so  that  the  paper  may  be  moved  in 
a  horizontal  direction  backwards  and  forwards,  t3irough  a 
space  of  fourteen  or  iiftecn  iuclic-s.  Instead  of  an  index  a 
pencil  is  attached  to  the  indicator  of  the  piston-rod :  this 
-pencil  is  lightly  pressed  by  a  spring  against  the  paper  above 
mentioned,  and  as  the  paper  is  moved  in  a  horizontal  direc- 
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tion  under  the  pencil,  would  trace  upon  l}ie  paper  ■  Une. 
li'the  pencil  were  stationarj'  this  line  would  be  straight  and 
horizontal,  but  if  the  pencil  were  subject  to. a  vertical  motica, 
the  line  traced  on  the  paper  movetl  under  the  pencil  hori- 
zontally would  be  a  curve,  the  form  of  which  would  deprnd 
on  the  vertical  motion  of  the  pencil.  The  board  tl)us  sup- 
porting the  paper  is  put  into  connexion  by  a  light  card 
carried  over  pulleys  with  some  part  of  the  parallel  niotioa,  by 
which  it  is  alternately  moved  to  the  right  and  to  the  left. 
As  the  piston  ascends  or  descends,  the  whole  play  of  the 
board  in  the  horizontal  direction  will  therefore  represent 
the  lengtii  of  tlie  stroke,  and  ever}'  fractional  part  of  that 
play  will  correspond  to  a  proportional  part  of  the  stroke  o^ 
tlic  steam-piston. 

The  apparatus  being  thus  arranged,  let  us  suppose  the^ 
steam-piston  at  the  top  of  tlie  cylinder  commencing  its  de- 
scent.    As  it  descendii,  the  p<.-ncil  attached  to  the  indicator* 
piston-rod  %'aries  its  height  according  to  the  var^'ing  prevnuv 
of  the  steam  in  the  cylinder.     At  the  same  time  the  paper  w- 
moved  uniformly  under  the  pencil,  and  a  cunT-d  line  is 
upon  it  from  right  to  left.      When  tlic  piston  has  reache<1  tl 
bottom  of  the  cylinder,  the  upper  exhausting-rnlve  is  opened^^^ 
and  the  steam  drawn  off  to  the  condenser.     Tlie  indit 
piston  being  immediately  relieved  from  a  part  of  the  pi 
acting  upon  it  descends,  and  with  it  the  pencil  also  descendssr       ; 
but  at  the  same  time  the  steam-piston  has  begun  to  ascend.  ^tfU 
and  the  paper  to  return  from  left  to  right  under  the  prnctL^^K^* 
While  the  steam-piston  continues  to  ascend,  the  condensacioi: 
becomes  more  and  more  perfect,  and  the  vacuum  in  rhe  cy 
Under,  and  tliereforc  also  in  the  indicator,  being  gradually  ii 

?ased  in  power,  the  atmospheric  pressure  above  the  indlff^   ^^ 
calor-pistun  previScs  it  downwards  and  stretches  the 
The  pencil  meanwhile,  with  tlie  paper  moving  under  it 
right  to  left,  traces  a  second  curve.     A*  the  former 
allowed  the  actual  pressure  of  the  steam  impelling  the  pigtom^CX 
in  its  descent,  tliis  latter  will  show  the  pressure  of  the  uia.  -^■'- 
condensed  steam  raising  the  piston  in  its  ascent,  and  a  luiu.  -^v* 
parison  of  the   two  will  exhibit  the  cfTective  force   oo  th^^s"! 
piston,     Fiff.  81.  represents  such  a  diagrem  as  would  be 
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duced  by  this  instnunent.  A  b  c  is  the  curve  traced  by  the 
pencil  during  the  descent  of  the  piston,  and  c  D  e  that  during 
itB  ascent*  \  is  the  position  of  the  pencil  at  the  moment  the 
pixton  commences  ita  descent,  n  is  its  positinn  at  the  middle 
of  tlic  stroke,  and  c  at  tht-  termination  of  the  stroke.  On 
closing  the  upper  Rteam-vailve  and  closing  the  exhausting- 
ralve,  the  indicator-piston  being  gradually  relieved  from  the 
pressure  of  the  steam  the  pencil  descends,  and  at  the  same 
time  the  paper  moving  from  left  to  right,  the  pencil  traces  the 
curve  c  D  E,  the  gradual  descent  of  this  curve  showing  the 
progressive  increuiie  of  the  vacuum.  As  the  atmospheric  pres- 
sure constantly,  acts  ahove  the  piston  of  the  indicator,  its  posi- 
tion will  he  determined  by  the  diiierL-ncp  betwcc-ii  the  atmo- 
spheric pressure  and  the  pressure  of  tlie  steam  below  it;  and 
therefore  tlic  difference  between  the  heights  of  the  pencil  at 
corresponding  points  in  the  ascending  and  descending  stroke, 
will  exprcm  tlie  diflereuce  between  tlic  pressure  of  the  steam 
impelling  the  piston  in  the  ascent  and  resisting  it  in  the  de- 
scent at  these  puiuts.  Thus  at  the  middle  of  tlie  stroke,  the 
line  B  D  will  express  the  extent  to  which  the  spring  governing 
the  iadica tor- piston  would  be  stretched  by  the  diifercnce  be- 
tween the  force  of  steam  impelling  the  piston  at  the  middle  of 
the  descending  stroke,  and  the  force  of  steam  resisting  it  at 
the  middle  of  the  ascending  stroke.  The  force  therefore 
measured  by  the  line  b  d  will  be  the  effective  force  on  the 
piston  at  that  point:  and  the  same  may  be  said  of  every  part 
of  the  diagran*  produced  liy  the  indicator. 

The  whole  mechanical  effect  produced  by  the  stroke  of  the 
piston  being  composed  of  the  aggregate  of  all  its  varying 
efiectfl  througliout  the  stroke,  the  determination  of  its  amount 
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is  a  matter  of  easy  calculation  by  the  meanrement  of  tkt 
diagram  supplied  by  the  iiulicatcir.  Let  tite  horixontal  play 
of  the  pL-ncil  from  A  to  c  be  divided  iuto  any  proposed  num- 
ber of  equal  partfl,  say  ten:  at  tlie  middle  of  Uic  t^iroke,  b  d 
expresses  the  elTeetive  foKe  on  the  piston,  and  if  this  be  OOD- 
sidert'd  to  he  uniform  thn)iigh  the  tenth  part  of  the  Htroke,  u 
from  /  tu  y,  ihuii  tlio  iiuuibL-r  of  pounds  exprcBsed  bj  d  d 
muUipHed  by  the  tenth  part  of  the  stroke  expressed  in  parts 
of  a  fiwt,  will  be  the  meclmuical  effect  through  that  part  of  th» 
stroke  expressed  in  pounds'  wfight  rnitted  one  foot.  In  like 
manner  m  a  will  express  the  effective  force  on  the  piston  after 
three  fourths  of  the  stroke  have  been  performrd,  and  if  this 
be  multiplied  by  a  tenth  pai't  of  the  stroke  as  before,  the  ini 
chauical  etfrct  similarly  expressed  will  be  obtained;  and  the 
same  procesa  being  applied  to  any  successive  tenth  put  of 
the  stroke,  and  tlic  numerical  results  thus  obtained 
added  together,  the  wbolu  effect  of  the  stroke  will  be  obtained*^- 
expressed  in  pounds'  weight  raised  one  foot, 

(162.)  By  means  of  the  indicator,  the  actual  mechaiticaL- 
eifect  produced  by  each  stroke  of  the  engine  can  \w  obtained^ 
and  if  the  actual  number  of  strokes  made  in  any  given  time- 
be  known,  the  whole  effect  of  the  moving  power  would  bi^ 
determiuL-d.  An  instrument  called  a  counter  was  also  con— 
ffivcd  by  Watt,  to  be  attached  either  to  the  working  beam  ot- 
to any  other  reciprocating  part  uf  tlie  engine.  Tliis  instru-' 
ment  consisted  of  a  train  of  whet^l-work  with  govenuiig  ^"n^m 
or  indices  moved  upon  dividf.'d  dials,  tike  the  hand  of  m 
«lock.  A  record  of  the  strokes  was  preserved  by  irn*an^ 
prectstrly  similar  to  those  by  which  tlie  hands  of  a  clock 
or  time-piece  indicated  and  recorded  tho  number  of  vibn^ 
tions  of  the  pendulum  or  balance-wheel. 

(1G3.)  I'o  secure  the  boiler  from  accidents  arising  &oin  (lur 
steam  contained  in  it  acquiring  an  undue  pressure,  ■  safety- 
valve  is  used,  similar  m  principle  to  those  adopted  in  the  rariy 
engines.  This  valve  is  represented  in  ^.  71.  at  k.  It  is  » 
conical  valve,  kept  down  by  a  weight  sliding  on  a  rod  upon 
IL  AVhi-n  the  prr-ssure  of  the  steant  overcomes  the  force  of 
litis  weight,  it  raises  the  vslve  and  escapes,  being  carried  otf* 
through  the  tuW. 
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With  a  view  to  the  economy  of  heat,  this  waste  steam 
tube  is  sometimes  conducled  Into  the  feeding  cistern,  whoro 
(he  steam  carried  olf  by  it  is  condensed,  and  heats  the  feeding 
water. 

The  magnitude  of  the  safety-valve  should  be  such  that, 
when  open,  steam  should  be  capable  of  pa.ssing  through  it  as 
rapidly  as  it  is  generated  in  the  boiler.  The  superficial  mug- 
nitude,  therefore,  of  such  valves  must  be  proportional  to  the 
evaporating  power  of  the  boiler.  In  low  pressure  builers  the 
Btcam  is  generally  hiiiited  to  five  or  six  poiuuls'  pressure  per 
square  inch,  and  consequently  the  load  over  the  safety-valve 
in  pounds  would  be  found  by  multiplying'  the  superficial 
inagnitude  of  its  smallest  part  by  these  numbers.  In  boilers 
in  which  the  steam  is  maintained  at  a  liigher  pressure,  it  would 
be  iuconvcnient  to  place  upon  the  safety-valve  the  necessary 
weight.  In  such  cases  a  lever  is  used,  the  shorter  arm  of  which 
presses  down  the  valve,  and  the  lunger  arm  is  held  down  by 
a  weight  capable  of  adjustment,  so  tliat  the  prcssiure  ou  the 
valve  may  be  regulated  at  discretion.  Two  sdfety- valves 
should  be  pro\-ided  on  all  boilers,  one  of  which  should  be 
locked  up,  so  that  the  persons  in  care  of  the  engine  should 
have  no  power  to  increase  the  load  upon  it.  In  such  case, 
however,  it  is  necessary  that  a  handle  comiected  with  the 
valve  should  project  outside  the  box  containing  it,  so  that  it 
may  always  be  j>ussible  i'ur  the  engineer  to  ascertain  that  tlie  • 
vaJve  is  not  locked  in  its  seat,  a  circumstance  wluch  is  liable 
to  happen. 

Sometimes  also  two  safety-valves  are  provided,  one  loaded 
a  little  heavier  than  the  other.  The  escape  of  steam  from 
the  lighter  valve  in  tliis  c.ise  gives  notice  to  the  engine-man 
of  the  growing  increase  of  pressure,  and  warns  him  to  check 
the  production  of  steam.  The  lever  by  which  the  safety- 
valve  is  held  down  is  sometimes  acted  on  by  a  spiral  spring, 
capable  of  being  so  adjusted  as  to  produce  any  required 
pressure  on  the  valve.  This  arrangement  is  adapted  iu  loco- 
raodve  engines,  where  steam  of  very  high  pressiu-e  is  used ; 
and  in  such  cases  also  there  are  always  provided  two  such 
valves,  one  of  which  cdiuiol  be  increased  in  its  ]»rissure. 

The  pipe  by  which  the  boiler  is  fed  with  water  will  necea- 
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sarily  act  aa  a  safety-valve,  for  when  the  pressure  of  the  tteam 
increases  in  an  undue  degree,  it  will  press  the  water  in  the 
boiler  up  through  the  feed-pipe,  so  aM  to  discharge  il  into  the 
feed-cislern,  a  circumstance  which  would  immediately  give 
notice  of  the  internal  state  of  the  boiler.  The  BteaiD*f[mage, 
already  described  (^yf*?.  79.)t  would  also  act  as  a  safety -ralve  j 
for  if  the  pressure  of  steam  in  the  boiler  should  be  so  aug> 
tnented  a*  to  blow  the  mercury  out  of  the  steam-gauge,  the 
steam  would  then  issue  through  the  gauge,  and  the  prcssura 
of  the  boiler  be  reduced,  provided  that  the  magnitude  of  the 
tube  forming  the  steam-gauge  were  sufficient  for  this  purpoBo. 

( 1  &I-.)  In  high  pressure  boilers  which  are  exposed  to  extreme 
temperatures  and  pressures,  and  which  are  therefore  subject 
to  danger  of  explosion,  a  plug  of  metal  is  sometimes  inserted, 
which  is  capable  of  l>eing  fused  at  a  temperature  above  which 
the  boiler  should  not  be  peniiitted  to  be  raised.  If  the 
pressure  of  steam  increase  beyond  the  proper  limit,  the  tem- 
perature of  the  water  and  steam  will  undergo  a  correspoodiag 
increase ;  and  if  the  metal  of  the  plug  be  capable  of  hOMg 
fused  at  such  a  temperature,  the  plug  will  fall  out  of  tht 
boiler,  and  the  steam  and  water  *vill  issue  from  it.  Various 
alloys  of  metal  are  fusible  at  temperatures  aulPiciently  low  fur 
this  purpose.  An  alloy  composed  of  one  part  of  lead,  threr 
of  tin,  and  five  of  bismutli,  will  fuse  at  tlie  common  temper- 
ature of  boiling  water ;  and  alloys  of  the  same  metola,  in 
rarioua  proportions,  will  fuse  at  iliileFent  temperatures  inn 
«00**  to  4O0*. 

Although  fusible  plugs  may  be  used,  in  adcUtion  to  ot 
means  of  insuring  safety,  they  ought  not  to  be  exclusivel 
relied  on  at  the  ordinary  working  pressure  of  the  boiler.  Tbf 
Auible  plug  ought  to  be  capable  of  more  than  reaistio^ 
the  pressure ;  but  if  it  be  so,  its  point  of  fusion  would  be 
cue  at  which  the  »teani  would  liave  a  pressure  of  at  le«it  two 
atmospheres  abiwc  its  working  pressure.  The  plug  w<Hild 
therefore  be  capable  of  being  fused  only  as  soon  as  the  steam 
would  acquire  a  pressure  of  SO  lbs.  per  inch  above  ita  regular 
working  pressure. 

When  a  boiler  ceases  to  be  worked,  and  tlie  furnace  has 
L'been  extinguished,  the  space  within  it  appropriated  to  tteUP 
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will  be  left  a  vacuum  by  tlie  condensation  of  the  steam  vnth 
which  it  was  preriously  filled.  The  extenial  pressure  of  ihe 
atmosphere  acting  on  tlie  boiler  would,  under  such  circum- 
ttaucesj  have  a  tendency  to  crush  it  inwards.  To  prevent 
this,  a  safety-Tolve  is  provided,  opening  inwanls,  and  babinced 
by  a  weight  sufficient  to  keep  it  closed  luitil  it  be  relieved 
iiom  the  pressure  of  the  steam  below. 

A  large  aperture  closed  by  a  Htuigc  secured  witli  screws, 
represented  at  o  In  ^i?.  71.,  called  the  man-knley  is  pro\ided 
to  admit  persons  into  the  boiler  for  the  purpose  of  cleaning 
or  repairing  its  interior, 

(165.)  The  mamier  in  wliieh  the  governor  regulates  the 
■npply  of  steam  from  the  boiler  to  the  cj'Hndcr,  proportion- 
ing the  quantity  to  tlie  work  to  be  done,  and  thereby  sus- 
taining a  uniform  motion^  has  been  already  explained 
(p.l25.).  .Since  then  the  consumption  of  steam  in  the  engine 
is  subject  to  variation,  owing  to  the  various  quantities  of  work 
it  may  have  to  perform,  it  is  evident  that  the  production  of 
ateam  in  the  boiler  should  be  suhject  to  a  proportional  va- 
riation. For  otherwise,  one  of  two  efTccta  would  ensue :  the 
boiler  w^ould  either  fail  to  supply  the  engine  with  steam,  or 
steam  would  accumulate  in  the  boiler  from  being  produced  in 
too  great  abundance,  and  would  escape  at  the  safety-valve, 
and  thu!»  be  wasted. 

In  order  to  vary  the  production  of  steam  in  proportion  to 
tlie  demands  of  the  engine,  it  is  necessary  to  stimulate  or 
mitigate  the  furnace,  aa  the  evaporation  is  to  be  augmented 

diminished. 

The  activity  of  the  furnace  must  depend  on  the  current  of 
air  which  is  drawn  through  the  grate-bars,  and  tliis  will  de- 
pend on  the  magnitude  of  the  space  alforded  for  the  passage 
of  that  current  through  the  flues.  A  plate  called  a  damper 
is  accordingly  placed  with  its  plane  at  right  angles  to  the  flue, 
so  that  by  raising  and  lowering  it  in  the  same  manner  as  the 
sash  of  a  window  is  raised  or  lowered,  the  space  allowed 
for  the  passage  of  air  through  tlie  flue  may  be  regulated. 
This  plate  might  be  regulated  by  the  hand,  so  tliat  by 
raising  or  lowering  it  the  draught  might  be  increased  or 
diminished,  and   a   corresponding  effect   produced   on    the 
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ernporation  in  the  buUer:  but  the  force  of  the  fire  is  reu' 
dercd  unifonnly  proportional  to  the  rate  of  emiwrniion  by 
the  follomng  airaiig;ciiient,  without  the  inten'cutioii  uf  tlia 
engineer.  The  column  of  water  sustained  in  the  foe^ 
pipe  {Jigs.  71,  7^)  ropresentfl  by  its  weight  tlio  difibnnea 
between  the  pressure  of  steam  within  the  boiler  and  thftt 
of  the  atniotuphere.  If  the  engine  consumes  steam  (uter 
than  the  boiler  produces  it,  the  steam  contained  in  the 
boiler  acquires  a  diminished  pressure,  and  consequently  tbf 
column  of  water  in  the  feetUpipe  will  fall.  If,  on  the  other 
hand,  the  boiler  produce  steam  faster  tlian  the  engine  con- 
sumer it,  the  acciunulation  of  steam  in  the  boiler  will  cbum 
an  increased  pressure  on  tJiewRter  it  contains,  and  thcrebj 
increase  the  height  of  the  column  of  water  nutained  in  the 
feed-pipe.  Tliis  column  liierefore  necessarily  rises  and  faUi 
witli  every  variation  in  the  rate  uf  evajwratioii  in  tlic  boilfli^ 
A  hollow  iloat  p  '\»  placed  upon  the  surface  of  the  water  of  thii 
column ;  a  chain  connected  with  this  float  is  carried  upwanla,and 
passed  over  two  pulleys,  after  which  it  is  carried  downward! 
through  an  npi'rture  leading  to  the  flue  which  pa«ses  bead* 
the  boiler:  to  this  chain  is  attached  the  damper.  By  sucb 
an  arrangement  it  is  endent  that  the  damper  will  ri»e  when 
the  float  P  falls,  and  will  fall  when  the  float  r  rises,  since  tbe 
weight  of  tlie  damper  is  so  adjusted,  tlml  it  will  only  halanot 
the  float  p  when  the  latter  rests  on  the  siu'f&ce  of  the  water. 
Whenever  tlic  evaporation  of  tlie  boiler  is  insuflicient,  it  ii 
evident  from  what  has  l>een  stated,  that  the  float  p  will  fijl 
and  tlie  damper  mil  rise,  and  will  jiiford  a  greater  paautge  fat 
air  through  the  flue  This  will  stimulate  the  furnace*  will 
augment  its  heating  power,  and  will  therefore  incrcaao  (bv  n(e 
of  evaporation  in  tlie  boiler.  If,  (m  the  other  hand,  tb«  pnh 
duction  of  steam  in  the  l>oiler  be  more  thnn  is  requtaite  for 
the  supply  of  the  engine,  the  float  will  be  raised  and  the 
damper  let  down,  »n  as  to  contract  the  flue,  to  dimtniah  the 
draught,  to  mitigate  the  fire,  and  therefore  to  check  the  er*- 
poratiuiu  In  this  way  the  excess,  or  defect,  of  evaporation  in 
the  boiler  is  made  to  act  upon  the  Are,  so  as  to  render  the 
heat  proceeding  from  the  combustion  as  nearly  as  posublc 
proportional  to  the  wants  of  tlie  engine. 
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(166.)  The  method  of  feeding  the  furnace  by  hand  through 
the  fire-door  being  subject  to  the  double  objection  of  admitting 
more  cold  air  over  the  fuel  than  is  necessary  for  its  combua- 
tioD,  and  the  impracticability  of  insuring  tiiat  regular  attcnd- 
uice  on  the  part  of  the  stokers,  directed  the  attciition  of 
engineers  to  the  construction  of  self-rcgulatiiig  fumnces.  The 
most  efTcctual  of  these,  and  that  whicli  has  come  into  most 
general  use,  was  invented  by  Mr.  William  Brunton  of  liir* 
minghani. 

The  advantages  proposed  to  be  attained  by  him  were  those 
expressed  in  his  patent  i  — 

"  First,  I  put  the  coal  upon  the  grate  by  small  q^uantities, 
and  at  very  short  intervals,  say  every  two  or  three  seconds. 
Sdly,  I  so  dispose  of  the  coals  upon  the  grate,  that  the  smoke 
evolved  must  pass  over  that  part  of  tlie  grate  upon  which  tlie 
coal  is  in  full  combustion,  and  is  thereby  consumed.  3dly, 
As  tlic  introduction  of  coal  is  uniform  in  sliort  spaces  of  time, 
the  introduction  of  air  is  also  uniform,  and  requires  no  at- 
tention from  tlic  fireman. 

"  As  it  respects  economy :  1  st.  The  coal  is  put  upon  the 
fire  by  an  apparatus  driven  by  the  engine,  aud  so  contrived 
that  the  quantity  of  coal  is  proportioned  to  the  quantity  of 
work  which  the  engine  is  pei-fonning ;  and  the  quantity  of  air 
admitted  to  consume  the  smoke  is  regulated  in  the  same 
awnner.  2dly,  The  fire-door  is  never  opened,  excepting  to 
clean  the  fire ;  the  boiler,  of  course,  is  not  exposed  to  that 
continual  irrcgulai'itj'  of  temperature  which  is  unavoidable  in 
the  common  furnace,  and  which  is  found  exceedingly  in- 
jurious to  boilers.  Sdly,  The  only  attention  required  is  to 
fill  the  coal-receiver  every  two  or  three  hours,  and  clean  the 
fire  when  necessary.  4thly,  Thf  coal  is  more  completely 
consumed  than  by  the  common  I'unmce,  (i»  all  the  clfect  of 
-what  is  termed  stirring  up  the  fire  (by  which  no  inconsider* 
able  quantity  of  coal  is  passed  into  the  ash-pit),  is  attained 
without  moving  the  coal  upon  the  grate." 

A  drcular  grate  is  placed  on  a  vertical  rcvolnng  shaft ;  on 
the  lower  part  of  this  shaft,  under  the  ash-pit,  is  placed  a 
toothe<l  wheel  driven  by  n  pinion.  This  pinion  is  placed  on 
another  vertical  shaft,  which  ascends  above  the  boiler  j  and 
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on  the  other  end  of  this  is  placed  a  bevelled  wheel  driven  by 
a  pinion.  This  pinion  is  attached  to  a  shaft,  which  take*  its 
motion  from  the  axis  of  the  fly-wheel,  or  any  other  rcrolnqg 
shaft  connected  with  the  engine.  A  constant  motion  of 
revolution  is  therefore  imparted  to  the  circular  grate,  mad  iti 
velocity  being  proportional  to  that  of  the  enj^fine,  will  nM«»> 
sarily  be  also  proportional  tu  the  quantity  of  fuel  whicii 
ought  to  be  cousuDXcd.  Through  that  part  of  the  boilitr 
which  is  over  the  fire-grate  a  vertical  tube  or  opening  u 
made  directly  over  that  part  of  the  furnace  which  is  moat 
distant  from  the  flues.  Over  this  opening  a  hopper  la  placed, 
which  contains  the  fuel  by  which  the  boiler  is  to  be  fed ;  and 
iu  tlie  bottom  of  lliis  hopper  is  a  sliding  valve,  capable  of 
being  opened  or  closed,  so  as  to  regulate  the  quantity  of  fuel 
supplied  to  the  fire-grate.  The  fuel  dropping  in  in  small 
quantities  through  lliis  ojh'U  valve  falls  ou  the  i^rate,  ami  i> 
carried  round  by  it,  so  as  to  leave  a  fresli  portion  of  the  grtlr 
to  receive  succeeding  feeds.  The  coals  admitted  through 
the  hopper  are  previously  broken  to  n  proper  sisc ;  and  ill 
Bome  forms  of  this  apparatus  there  arc  two  rollers,  nt  a  regn* 
lated  distance  asunder,  the  surfaces  of  which  are  formed  iiito 
blunt  angular  points,  and  which  are  kept  in  slow  revolutkn 
by  the  engine.  Between  these  rollers  the  coals  must  paai 
l>cfore  tliey  reach  the  valve  through  which  tlie  furnace  is  f«d, 
and  they  arc  thus  broken  and  reduced  to  n  regulated  siie. 
The  valve  whicli  regulates  the  opening  tlirough  which  the 
feed  is  admitted,  is  connected  by  chains  and  pulleys  with  the 
self-regulating  damper  already  described,  so  that  in  proportiao 
as  the  damper  is  rais*:'d,  tlie  valve  govenung  tlie  feed  may  be 
opened.  Thus,  while  the  quantity  of  air  admitted  by  the 
damper  is  increased  according  to  the  demands  of  the  engine, 
the  quantity  of  fuel  admitted  for  the  feet!  is  incrca*e<l  bj 
opening  the  valve  iji  the  bottom  of  the  hopper  in  the  samr 
pmporlion.  Apertures  are  ako  provided  in  the  front  of  the 
grate,  governed  by  regulators,  by  which  the  quantity  of  air 
necessary  and  sufficient  to  produce  the  combustion  of  the  gas 
evolved  from  tlie  fuel  is  admitted,  these  openings  being  iJm 
connected  with  the  self-regulating  dami>er. 

A  considerable  portion  of  the  heat  imparted  to  th«  wMff 
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in  the  boiler  escapes  by  radiation  irom  the  surface  of  the 
Iwiler,  steam-pipes,  and  other  parts  of  the  machinery  ia 
contact  with  the  stcain  and  hot  water.  Tlie  effects  of  this 
are  rendered  very  apparent  in  marine  engines,  where  a  large 
quantity  of  water  is  found  to  be  condensed  in  the  great 
steam-pipes  leading  from  the  boiler  to  the  cylinder.  In  sta- 
tionary land  boilers  tliis  loss  of  heat  is  usually  diminished, 
and  in  some  cases  in  a  great  degree  removed,  by  surrounding 
the  boiler  with  iron-eonducting  jtiibstflnces.  In  some  cases 
the  boiler  is  built  round  in  brick  work.  In  Cornwall,  where 
the  economy  is  regarded  perhaps  to  a  greater  extent  than 
elsewhere,  tlte  boiler  and  steam-pipes  are  surrounded  n-ith  a 
packing  of  sawdust,  whicit  being  almost  a  non-conductor  of 
heat,  is  impervious  to  the  heat  proceeding  from  the  surfaces 
rith  which  it  is  in  contact,  and  consequently  confines  all  the 
heat  within  the  boiler.  In  marine  boilers  it  has  been  the 
practice  recently  to  clothe  the  boiler  and  sleam-pipcs  with  a 
coating  of  felt,  which  is  attended  with  a  similar  effect. 
When  these  remedies  are  properly  applied,  the  loss  of  heat 
proceeding  from  the  radiation  of  the  boiler  is  reduced  to  an 
extremely  small  amount.  The  engine-houses  of  some  of  the 
Cornish  engines,  where  the  boiler  generates  steam  at  a  very 
high  temperature,  are  nevertheless  frequently  inuntiiiiied  at 
a  lower  temperature  than  the  external  air,  and  on  entering 
them  they  have  in  a  great  degree  the  cfTeet  of  a  cave. 

(IfiT.j  All  mechanical  action  is  measured  by  the  amount 
of  force  exercised,  or  resistance  overcome,  and  the  space 
through  which  that  force  has  acted,  or  through  which  the 
resistoncL-  has  been  moved. 

The  gross  amount  of  mechanical  action  developed  by  the 
moving  power  of  an  engine,  is  expended  partly  on  mo\'ing 
the  engine  itself,  and  partly  on  overcoming  the  resistance  on 
which  the  engine  is  intended  to  act.  That  part  of  the  me- 
chanical energy  of  the  moving  power  which  is  expended  on 
the  resistance  or  load  which  the  engine  moves  exclusively, 
and  of  the  power  expended  on  moving  the  engine  itself,  it 
called  the  uteful  effect  of  the  machine. 

The  grots  effect^  therefore,  exceeds  the  mefvX  effect  by  the 
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amount  of  power  spent  in   mming  the  engine,  or  wKich  ni«T 
be  wasted  or  ilcstroyed  in  any  way  by  the  ciijpnc. 

It  is  usual  to  express  and  estimate  all  mechanical  effni 
wiiatever  by  nature  of  the  resistance  overcome,  by  an  equira* 
lent  weight  raised  a  cerLaiii  height.  Thus,  if  an  enj^nc  exects 
a  certain  puwur  in  driving  a  mill,  in  drawing  a  carriage  on  a 
road,  or  in  propelling  a  vessel  on  water,  tlie  rvuBlanoe  agunit 
which  it  has  tu  act  mu!>t  be  equal  to  a  dclimte  amount  of 
weight.  If  a  carriage  be  drawn,  the  traces  aro  stretched  1^ 
the  tractive  power,  by  the  same  tension  that  would  be  giTcn 
to  thera  if  a  certain  weight  were  appended  to  them.  If  tht 
paddle-wheels  of  a  boat  are  made  to  revolve,  the  watrr  €>p- 
poses  to  them  a  resistance  equal  to  that  which  would  be  priH 
duced,  if  instead  of  moving  the  water  the  wheel  had  to  nuw 
some  certain  weight.  In  any  case,  therefore,  weight  becow 
the  exponent  of  the  enei^  of  the  resistance  against  which 
tlie  muring  power  acts. 

But  the  amount  of  mechanical  effect  depends  conjointly  tii 
the  amount  of  resistance,  and  the  space  through  which  that 
resistance  is  moved.  The  quantity  of  this  effect,  therefore, 
will  be  increased  in  the  same  proportion,  whether  the  quaa* 
tjty  of  resistance  or  the  space  through  which  tliat  resistanct 
is  moved  be  augmented.  ITius,  a  resistance  of  one  hundred 
poxuids,  moved  ibrough  two  feet,  is  mccliaiiically  equiralmt 
to  a  resistance  of  two  hundred  pounds  moved  through  ooe 
foot,  or  of  four  hiuidred  |>ounds  moved  through  six  inrht-i. 
To  simplify,  therefore,  the  expression  of  mechanical  effect, 
it  is  usual  to  reduce  it  invariably  to  a  certain  weight  raised  ow 
foot.  If  the  resistance  under  consideration  be  rqiiivaleni  I^H 
a  certain  weight  raised  through  ten  feet,  it  is  always  ri^^ 
pressed  by  ten  times  the  amount  of  that  weight  raised 
through  one  foot.  ^H 


It  has  also  been  usual  in  the  expression  of  mechanical 
feet,  to  take  the  pound  weight  as  the  unit  of  weight,  and  tfar 
foot  as  the  unit  of  length,  so  that  all  mechanical  effect  wha^ 
soever  is  expressed  by  a  certain  number  of  pounds  raiaed  ow 
foot, 

(168.)  The  groes  effect  of  the  moving  power  in  »  slaut- 
engine,  is  the  whole  mechanical  force  developed  by  the  rap»> 
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ration  of  water  in  the  boiler.  A  part  of  this  effecl  is  lost  by 
the  partial  condensation  of  the  steam  before  it  acts  upon  the 
piston,  aiid  by  the  imperfect  condensation  of  it  subsequently: 
toother  portion  is  expended  on  overcoming  the  friction  of  the 
different  moving  parts,  and  in  acting  a^nst  the  resistance 
which  the  air  op|>oses  to  the  mactiine.  If  the  motion  be 
mbjcct  to  iiudden  shocks,  a  portion  of  tlie  power  is  tlien  lost 
by  the  destruction  of  momentum  whicli  such  shocks  produce. 
But  if  those  purls  of  the  machine  which  bavc  a  reciprocating 
Biotion  be,  as  they  ought  to  be,  brought  gradually  to  rest  at 
etch  change  of  direction,  then  no  power  is  absorbed  in  this 
way. 

(169.)  The  useful  effect  of  an  engine  is  variously  denomi- 
nated according  to  the  relation  under  which  it  is  considered. 
If  it  be  referred  to  the  time  during  which  it  is  produced,  it 
is  called  poweb. 

(170.)  If  it  be  referred  to  tlie  fuel,  by  the  combustion  of 
which  the  evaporation  has  been  effected,  it  is  called  duty. 

(171.)  When  steam-engines  were  first  brought  into  use, 
they  were  commonly  applied  to  work  pumps  for  mills 
which  had  been  previously  worked  or  driven  by  liorses. 
In  forming  their  contracts,  the  first  steam-engine  builders 
found  themselves  called  upon  to  supply  engines  capable 
of  executing  the  same  work  as  was  preWously  executed 
by  some  certain  number  of  horses.  It  was  therefore  con- 
venient, and  indeed  necessary,  to  be  able  to  express  the 
performance  of  these  machines  by  comparison  with  the 
animal  power  to  which  manufacturers,  miners,  and  others, 
had  been  so  long  accustomed.  When  an  engiiic,  there- 
fore, was  capable  of  performing  the  same  work  in  a  given 
time  as  any  given  number  of  horses  of  average  strength 
usually  performed,  it  was  said  to  be  an  engine  of  so  many 
horses*  power.  Steam-engines  had  been  in  use  for  a  con- 
siderable time  before  this  term  had  acquired  any  settled  or 
uniform  meaning,  and  the  nominal  power  of  engines  was 
accordingly  very  arbitrary.  At  length,  however,  the  use  of 
steam-engines  became  more  extended,  and  the  confusion  and 
inconveniunce  arising  out  of  all  questions  respecting  the  per- 
ibnnance  of  engines,  rendered  it  necessary  that  some  fixed 
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and  definite  meaning  sliould  be  assigned  to  the  terms  bj 
which  the  powers  of  this  machine  were  expresacfi.     To  hare 
abandoned  the  term  horse-power,  which  had  been  so  latif^  ia 
use,  would   have  been   obrioiul)*  inconvenient;    nor   could 
t^ere   be   any    objection   to   its   continuance,   provided    all 
en^ne^makers,   and  nil  tho«e  who  U!ied  engines,   could  be 
brought  to  of^L'C  upon   suiue  standard  by  which  the  unit  of 
horse-power  might  be  defined.     The  performance  of  a  harm 
uf   average    strength    wurtdng  for  eight    hours  a  day  vaa 
therefore  selected  a»  a  standard,   or  unit,  of  steam-^ngiae 
power.     Smeaton  estimated  that  such  an  animal,  so  working, 
waa  capable  of  performing  a  quantity  of  work  t-<]ual   in  ita 
mechanical  eifect  to  22,91tilb8.  raised  one  foot  per  minute, 
while  Desaguliers  estimated  the  aanic  power  at  ^,500  lb*, 
raised  through  the  some  height  in  the  same  time.     The  diiK 
creponcy  between  theitc  estimates  probably  arose  from  ibrtr 
being  made   fi-ora  the  pcrfonnances  of  different  cUw»e«  of 
honea.     Messrs.  Boulton  and  Watt  caused  experiments  to 
be  made  with  the  strong  horses  used  in  the  breweries  in 
London,  and  from  the  result  of  these  triaU  they  'aangned 
33,000  Uut.  raised  one  foot  per  minute,   as  the  value  of  ■ 
horse 'a  {wwer.     This  is  the  unit  of  cngine-jiower  now  uni- 
Tersally  adopted  ;  and  when  an  engine  is  said  to  be  of  so 
many  horses*  power,  what  is  meant  is,  tliat  that  engine,  in 
good  working  order   and   properly  managed,  is  capable  of 
moving  a  rcMiiitance  equal  to  33,000  lbs.  through  one  foot  per 
minute.     Thus  an  engine  of  ten  horse-power  is  one  that 
would  raise  3:30,000  lbs.  weight  one  foot  per  minute. 

Whether  this  estimate  of  an  average  iiorsc's  power  be 
correct  or  not,  in  reference  to  the  actual  work  which  the 
auimal  is  capable  of  executing,  is  a  matter  of  no  present 
importance  in  its  application  to  steam-power.  The  steam- 
engine  is  no  longer  used  to  replace  the  power  of  horses,  and 
tlierefore  no  contracts  ore  based  upon  such  a  comparisoi 
The  tenn  horse-power,  therefore,  as  applied  to  stuun-etk'' 
gines,  must  be  understood  to  have  no  reference  whatever  to 
the  actual  animal  power,  but  must  be  taken  as  a  term  having 
iBo  other  meaning  than  the  expression  of  the  ability  of  the 
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machine  to  move  the  amount  of  resisttuice  above  inentioited 
through  one  foot  per  minute. 

(172.)  It  has  been  already  explained  (67.)  that  the  conver- 
BtOD  of  a  given  voliune  of  water  into  steam  is  productive  of  a 
certain  definite  amount  of  mcchauical  force,  lliis  amount 
depending  on  the  pressure  under  which  the  water  is  cvapo- 
nited,  and  the  extent  to  which  the  expansive  principle  is 
used  in  working  the  steam.  It  is  e^Hdent  that  this  amount 
of  mechanical  effect  is  a  major  limit,  which  cannot  be 
exceeded  by  the  power  of  the  engine. 

If  the  steam  be  not  worked  expansively,  then  the  whole 
power  of  the  water,  transmitted  in  the  form  of  steam  from 
the  boiler  to  the  working  machinery,  will  be  a  matter  of  easy 
caJculntiou,  when  tlie  pressure  at  whicli  the  steam  is  worked 
is  known.  A  table,  exhibiting  the  mechanical  power  of  a 
cubic  foot  of  water  converted  into  steam  at  various  pressures, 
expressed  tn  an  equivalent  number  of  pounds' weight  raised  one 
foot  high,  is  given  in  the  Appendix  to  this  volmne.  Where 
much  accuracy  Is  sought  for,  the  pressure  at  which  the  steam 
is  used  must  be  taken  into  account;  but  by  reference  to 
the  table  it  will  he  seen,  tiiat  when  steam  is  worked  with- 
out expansion,  its  mechanical  effect  varies  very  little  with 
the  pressure.  It  may  therefore  be  assumed,  as  has  been 
already  stated,  that  for  cvcrj-  cubic  inch  of  water  trans- 
mitted in  the  form  of  steam  to  the  cylinders,  a  force  is 
produced,  represented  by  a  ton  weight  raised  a  foot  high. 
Now,  as  33,000  lbs.  is  very  nearly  15  tons,  it  follows  that  15 
cubic  inches  of  water  converted  into  steam  per  minute,  or 
900  cubic  inches  per  hour,  will  produce  a  mechanical  force 
equal  to  one  horse.  If,  therefore,  to  900  cubic  inches  be 
added  the  quantity  of  water  per  hour  necessary  to  move  the 
engine  itself,  independently  of  ita  load,  we  shall  obtain  tlie 
quantity  of  water  per  hour  which  must  he  supplied  by  the 
boiler  to  the  engine  for  each  horse-power,  and  this  wiU  be 
the  same  whatever  may  be  the  magnitude  or  proportions  of 
the  cylinder. 

(173.)  The  quantity  of  power  expended  in  working  the  en- 
pine  itself,  independently  of  that  required  to  move  its  load, 
will  be  less  in  proportion  to  the  degree  of  perfection  which 
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be  attained  in  the  construction  of  the  engine,  and 
to  the  order  in  which  it  is  kept  wlulc  working.  Engines 
vary  one  from  another  so  much  in  thcite  respects,  thai 
it  is  scarce)^'  possible  to  lay  down  any  i^ciieral  rule«  for 
the  quantity  of  power  to  be  allowed  over  and  above  what  i* 
necessary  to  move  the  load.  The  means  whereby  mecha- 
nical powiT  iH  expended  in  working  Uie  t-agine  may  be 
cnumcruted  as  follows:  — 

First.  Stoam  in  ]>assing  from  the  boiler  to  the  cylii 
liable  lo  lose  its  temperature  by  the  rndiatioii  of  the 
pipes  and  otlicr  pasnagea  tlirough  which  it  b  conducted. 
Since  the  steam  produced  in  the  boiler  is  in  contact  with 
water,  it  *vill  be  common  steajn  (IH."),  and  coii.'u^-fjucully 
the  least  loss  of  heat  will  cause  a  partial  coitdensation.  To 
whatever  extent  this  condensation  may  be  carried,  a  proj 
tioual  loss  of  power,  in  reference  to  the  heat  obtaioed  fl 
the  fuel,  wIU  be  entailed  upon  tlie  engine. 

It  has  been  said  that  the  force  necessary  to  more 
ateam  from  the  boiler  to  the  cylinder  through  passage*  more 
or  less  contracted,  subject  to  the  friction  of  the  pipes  and 
tubes  through  which  it  moves,  should  be  taken  into  no* 
count  in  estimating  the  power,  and  a  corresponding  de- 
duction made.  This,  however,  is  not  the  case:  the  stcaai 
having  passed  into  the  cylinder  remains  common  steam,  it» 
pressure  being  diminished  by  reason  of  the  force  expended  is 
tlius  moving  it  from  the  boiler  to  the  cylinder.  But  its  mcch*- 
nical  efficacy  at  the  reduced  pressure  is  not  sensibly  different 
from  the  efficacy  which  it  had  in  the  boiler.  If  at  thm 
reduced  pressure  it.s  volume  were  the  same,  then  a  Iom  of 
effect  would  be  sustained  equivalent  to  the  diflerence 
pressures ;  but  its  volume  being  augmcut^.-d  in  very 
tlie  same  proportion  as  it»  pressure  is  diminished,  ibf 
mechanical  efficacy  of  a  given  weight  of  steam  in  tlie 
cylinder  will  be  sensibly  the  same  as  in  the  boiler. 

Second.  The  radiation  of  heat  from  the  cylinder  and  it« 
appendages,  will  cause  a  partial  condensation  of  UeuD,  and 
thereby  produce  a  diminished  mechanical  effect. 

Third.  The  steam,  which  at  each  stroke  of  the  ptston  filb 
thr  pssaagCH  betwent  the  steam-valves  and  the  piston,  ot  tli« 
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moment  the  latter  commences  the  «trokc  mil  be  inefficient. 
If  it  were  possible  for  the  piston  to  come  into  steam-tight 
contact  with  each  end  of  the  cylinder,  and  that  the  steam- 
tbIvc  shouid  be  in  immediate  contact  witli  tlic  side  or  top  of 
the  piston,  then  the  whole  of  the  steam  which  would  pass 
through  the  steam-valve  would  be  efficient;  hut  aa  some 
space,  however  small,  must  jemain  between  the  piston  and 
the  cuds  of  the  cylinder,  and  between  the  side  of  the 
cylinder  and  the  steam-valve,  there  will  always  be  a  volume 
of  steam  bearing  a  sensible  proportion  to  the  magnitude  of 
the  cylinder,  which  at  each  stroke  of  the  piston  will  be  inef- 
iicient.    This  volume  of  steimi  is  called  the  clearance. 

Fourth.  Since  the  piston  must  move  in  steam-ti}?ht  con- 
tact witli  the  cylinder,  it  must  have  a  definite  amount  of 
fi-iction  with  the  sides  of  the  cylinder  by  whatever  means  it 
may  be  packed.  Tliis  friction  will  produce  a  correapondiug 
reeUtance  to  the  monng  power. 

Fifth.  The  various  joints  of  the  machinery  where  steam 
IS  contained  are  subject  to  leakape,  and  whatever  amount  of 
steam  sliall  Urns  escape  must  be  placed  to  the  account  of 
power  lost. 

Sixth,  "When  the  eduction-valve  is  opened  to  admit  the 
steam  to  the  condenser,  a  certain  furci;  is  required  to  expel 
the  steam  from  the  cylinder.  Tliis  force  reacts  upon  tho 
piston,  and  counteracts  to  a  proportloniil  extent  the  moving 
power  of  the  steam  on  the  otlier  side.  Besides  this  the 
water  in  the  condenser  cannot  be  conveniently  reduced  below 
the  temperature  of  about  100**,  and  at  this  temperature 
steam  has  a  pressure  of  about  I  lb.  per  square  inch.  This 
vapour  will  continue  to  fill  the  cylinder,  and  will  resist  the 
moving  power  which  impels  the  piston. 

Seventh.  Power  must  be  prorided  for  opening  and  closing 
the  Talves  or  slides,  for  working  the  alr-puitip,  hot-water 
pump,  and  cold-water  pump,  and  finally  to  overcome  the  fric- 
tion on  the  Journals  and  centres  of  the  parts  of  the  parallel 
motion,  the  main  axle  of  the  beam,  the  connecting  rod,  crank, 
and  fly-wheel  axle. 

It  mil  be  api>arent  how  very  much  these  soui-ccs  of 
resistances  must  vary  in  different   engines,  and  how  rough 
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an  approximation  any  general  estimate  must  be  of  their 
gross  amounL 

(L74.)  There  arc  many  circumstances  which  obstruct  dw 
practical  application  of  any  standard  of  engine-power :  the 
magnitude  of  furnace,  and  ihe  extent  of  heating  aurfiwv 
necessary  to  produce  any  required  rate  uf  evaporation  in  tht 
boiler,  are  unascertained;  each  engine-maker  has  hia  own 
rule  in  tliesc  matters,  and  all  the  rules  are  equally  unsup- 
ported by  any  experimental  test  entitled  to  respect.  Thus 
the  circumstances  that  govern  the  rate  of  evaporation  in  the 
boiler  may  be  regarded  as  almost  wholly  unknown.  But 
supposing  the  rate  of  evaporation  to  be  ascertaiued,  the 
amount  of  power  absorbed  by  the  condensation  of  steam  on 
ita  passage  to  the  cylinder,  the  imperfect  condensation  of  tht 
same  steam  after  it  has  worked  the  piston,  the  fiiction  of 
the  various  moving  parts  of  the  machinery,  and,  above  all, 
the  difference  of  effect  of  these  losses  of  power  in  engioM 
constructed  on  different  scales  of  magnitude,  are  abaolntely 
unknown.  We  are,  therefore,  not  placed  in  a  condition  to 
assign  any  thing  more  than  a  general  account  of  what  has 
been  the  practice  of  engine-makers  in  constructing  engines 
which  are  nominally  of  a  certain  power. 

In  coumion  low-pressure  engines  of  the  lai^er  kind,  lo 
whioh  class  alone  we  at  present  refer,  it  lias  been  usual, 
with  the  same  fuel  and  under  like  circumstances,  to  allow 
from  10  to  IS  square  feet  of  lieating  surface  in  the  boiler 
for  every  nominal  horse-power  of  the  engine.  Witliin  thcae 
wide  limits  the  practice  of  engine-makers  has  varied.  It 
is  not,  however,  to  be  suppo«ed,  that  the  boiler  with  18 
square  feet  of  siu^ace  per  hurse-pnwer  has  the  same  enpot* 
ating  power  as  that  which  has  but  10.  This  diiTerence, 
therefore,  amounts  to  notliing  more  than  different  manulao* 
turers  of  steam-engines  putting  into  circulation  boilers  havay 
powers  really  different  while  they  arc  nominal/^  the  mta*. 
The  magnitude  of  the  cylinder  is  regulated  by  the  nominal 
power  of  the  engine,  and  it  is  usual  so  to  regulate  the  eva- 
porating power  of  the  boiler,  that  the  piston  shall  move  at 
the  average  rate  of  SOO  feet  per  minute.  This  being  assumed, 
it  ia  customary  to  allow  about  22  square  inches  of  piston 
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every  nomiual  horse-power  ol  the  engine. 
power  were  in  conformity  to  tlie  standard  already  defined, 
tliis  amount  of  surface  moved  at  200  feet  per  ininute 
would  be  impelled  by  a  pressure  amounting  to  T-j;  ll>s.  per 
square  inch.  The  safety-valve  of  the  boiler  of  such  engines 
is  usually  loaded  at  &om  4  to  5  lbs.  per  square  inch,  and 
consequently  the  steam  in  the  boiler  will  have  a  pressure  of 
from  19  to  20  lbs.  per  square  incli.  If,  therefore,  the  effec- 
tive pressure  on  the  piston  be  really  only  "i  lbs.  per  square 
inch,  the  pressure  expended  in  ovorcomin^  the  friction  of 
the  engine,  anil  the  loss  consequent  on  the  partial  condens> 
ation  of  steam  on  one  side  and  its  imperfect  condensation  on 
the  other,  would  amount  to  from  1 2  to  13  lbs. per  square  inch, 
or  nearly  double  tlie  assumed  useful  effect  of  the  engine. 

Messrs.  Maudslay  and  Field  are  accustomed  to  allow  au 
evaporation  of  ten  gallons,  or  1  -G  cubic  feet  of  water  per  hour, 
tor  each  uomiual  horse-power  of  the  engine.  They  abo  allow 
about  22  square  inches  of  piston  surface  per  nominal  horse- 
power, the  piston  being  supposed  to  move  at  the  rate  of  200 
fieet  per  second.* 

The  quantity  of  grate  surface  necessary  in.  proportion  to 
the  power  of  the  engine,  haii  been  equally  unascertained,  and 
engine-makers  vary  in  their  practice  from  half  a  square  foot 
Co  one  square  foot  per  nominal  horse-power. 

The  proportion  which  the  magnitude  of  the  heating  surface 
of  the  boiler,  and  the  fire  surface  of  tlie  grate  bears  to  the  eva- 
porating power  of  the  boiler,  has  not  been  determined  by 
experiment,  nor,  so  far  as  we  axe  informed,  by  any  well-aacer- 
taiued  practical  results. 

The  estimates  or  ratlu'r  conjectures  of  engine-makers,  of 
the  evaporation  necessary  to  produce  one  horse-power,  vary 
from  one  to  two  cubic  feet  of  water  per  hour.     It  has  been 

■  Tf  S2  square  inches  of  piston  surface  be  nllowed  to  represent  a  horse- 
power, the  power  o{  an  civpine  may  always  be  com|Mitfi]  by  dividing  the 
■(fiuire  of  the  tliaineU-r  of  the  prtton  exprcGAeJ  In  inches  Uy  ^A.  Aiiu,  on 
the  other  hand,  to  fiml  the  iliametpr  of  piston  which  would  correspond  to 
any  given  power,  miihiply  the  number  of  horses'  fiowcr  by  28,  and  take  the 
iquorc  root  of  the  product.  These  rules,  however,  cannot  be  applic<l  if  the 
puton  be  supposed  to  move  with  uny  other  velocity  ■.  since,  in  that  cwse. 
the  same  amount  of  piston  surihcc  would  ceaae  to  reatrcBcnt  a  horse-power, 
unlcM  (he  effectiTC  pre»(iro  oti  the  piston  were  at  the  same  time  chuiged. 
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alrcAd}*  shown  that  the  evaporation  of  000  cubic  inches,  or 
Little  more  than  lialf  n  cubic  foot  per  hour,  evolves  a  gnwi 
mechanical  effect  representing  one  hnrsc-powcr;  Irom  which 
it  appears,  that  if  the  evaporation  of  the  boilers  of  steam 
engines  were  what  engineers  suppose  them  lo  be,  the  gnm 
mechanical  power  produced  in  them  for  every  nominal  ham*  i 
power  of  tlic  engine  varies  iji  actual  amount  from  the  powoc  ^ 
of  two  to  that  of  four  horses. 

The  above  estimates  must  be  undersiouU  as  referring  to 
double-acting  Kteau)  engines  above  ihirty-horac  power.  Tho 
circumstances  attending  the  performance  of  single-acting  en- 
gines applied  to  the  drainage  of  mines,  have  been  ascertained 
with  much  greater  precision.  'Hiis  has  been  mainly  owii^ 
to  a  spirited  system  of  general  inspection,  which  ha»  been 
established  in  Cornwall,  to  which  we  shall  hereafter  more  par- 
ticularly advert. 

(175.)  In  expressing  the  duly  of  engines,  it  would  have 
been  desirable  that  the  duty  of  tlie  boiler  should  hare  been 
separated  from  that  of  the  engine. 

The  duty  of  &  boiler  is  estimated  by  the  volume  of  water 
evaporated  by  a  given  quantity  of  fuel,  independently  uf  the 
time  which  such  evaporation  may  take.  The  duty,  thrrefofv, 
will  be  expressed  by  the  numlKT  of  cubic  feet  of  water  en* 
porated,  divided  by  the  number  of  bushels  of  cool  necesoaij 
for  that  evaporation,  supposing  the  bushel  of  coal  to  be  the 
unit  of  fuel.  It  will  be  observed  that  the  duty  of  on  engine 
or  boiler  is  entirely  distinct  from,  and  independent  of,  its 
power.  One  boiler  may  be  greater  than  another  in  power  lo 
any  extent,  while  it  may  be  equal  to  or  less  than  it  in  duty. 
A  bushel  of  coals  may  evaporate  tlie  same  number  of  cubic 
feet  of  water  under  two  boilers,  but  may  take  twice  as  great 
a  time  to  prmluce  such  evaporation  under  one  than  under  the 
other.  In  such  a  case  the  power  of  one  boiler  will  be  double 
that  of  the  other,  while  their  duty  will  be  the  same. 

In  like  manner,  a  biuliel  of  coals  consumed  in  working  two 
engines  may  pro<luee  the  same  useful  effect,  but  it  may  pro- 
duce that  useful  effect  in  the  one  in  half  tlie  time  it  takes  to 
produce  it  m  the  other.  In  lliat  case  the  duty  of  tlie  engines 
will  be  the  same,  but  the  power  of  the  one  will  be  double 
that  of  tlic  other. 
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la  fine,  pouter  has  reference  to  /*wn?, — rfw'y,  to  fuel.  The 
more  rapidly  the  engine  produces  its  mechanical  efl'ect,  the 
greater  its  power  mil  be,  whatever  may  be  the  fuel  cousuuicd 
in  working  it.  And,  on  the  utlier  hand,  the  greater  the  useful 
effect  produced  by  a  given  weight  of  fuel,  the  greater  will  be 
die  duty,  however  long  the  time  may  be  which  the  fuel  may 
take  to  produce  the  useful  effect. 

(I7C.)  Tlic  proportion  of  the  stroke  to  tlie  diameter  of  the 
cylinder  must  be  detennined  by  the  velocity  intended  to  be 
^ven  to  the  piston.  With  the  sainc  capacity  of  cylinder, 
and  tJie  same  evaporation  iti  the  boiler,  the  velocity  of  the 
piston  will  augment  as  the  magnitude  of  its  diameter  is 
cliininisiied. 

The  proportion  of  tlic  diameter  to  the  stroke  of  the  cylin- 
der is  very  various.  In  engines  used  for  steara-\'essels  the 
length  of  the  cylinder  very  little  exceeds  its  diameter.  In 
land  engines,  however,  the  proportion  of  the  length  to  the 
diameter  is  greater.  It  is  maintained  by  some  that  the  pro- 
portion of  the  diameter  and  length  of  the  cylinder  should  be 
such  as  to  render  its  surface  exposed  to  the  cooling  of  the 
external  air,  the  smallest  possible.  Tredgold  lias  maintained 
that  since,  during  the  stroke,  the  steam  is  gradually  exposed 
to  contact  with  the  surface  of  the  cylinder  from  the  top  to 
the  bottom,  the  mean  surface  exposed  in  contact  with  steam 
being  half  that  of  the  entire  cylinder,  the  proportion  of  the 
diameter  to  the  stroke  should  be  such  that  the  surface  of 
half  the  length  of  the  cylinder,  added  to  the  magnitude  of 
the  top  and  bottom,  shall  be  a  minimum.  If  this  principle 
be  admitted^  then  the  best  proportion  of  the  diameter  to  the 
stroke  would  be  that  of  one  to  two,  the  Icngtli  of  the  stroke 
being  twice  the  diameter  of  the  cylinder ;  but  since  the  whole 
Borface  of  the  cylinder  is  constantly  exposed  to  the  cooling 
effects  of  the  air,  and  since  in  the  inter^-iils  of  the  stroke  there 
is  no  sensible  change  of  the  temperature  of  the  surface,,  the 
loss  of  heat  by  cooling  will  ui  effect  be  tlie  same,  especially 
in  double-acting  engines,  as  if  the  cylinder  were  constantly 
611ed  with  steam.  If  this  be  admitted,  then  the  object  should 
be  to  give  the  cylinder  such  a  proportion,  that  its  entire  sur- 
face, including  the  top  and   bottom,  shall  be  a  minimum. 
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The  proportiun  giveu  hy  this  candidon  would  be  verj  nnrlj 
that  which  is  obsorved  in  the  cylinders  of  marine  enginct, 
viz.  tluit  the  length  of  the  cyliuder  shoidd  be  equal  to  iu 
diameter. 

If  in  a  low-pressure  engine  the  pressure  of  ateam  in  ibe 
cylinder  be  taken  at  17  lbs.  per  square  inch,  then  the  raluroe 
of  steam  will  be  about  Rfleeu  hundred  times  tliat  of  tb« 
water  whicli  produces  it.  For  every  cubic  foot  of  vnitert 
therefore,  in  the  elective  evaporation  of  the  boiler,  1500 
cubic  feet  of  steam  will  Ih*  paused  through  the  cylitMier. 
If  it  be  intended  that  the  motion  of  the  piston  shall  be 
at  the  rate  of  25  strokes  per  minute,  or  1500  strokes  per 
hour,  then  the  capacity  of  that  portion  of  the  cylinder 
between  the  steam-valrc  and  the  piston  at  the  end  of  the 
stroke,  must  consist  of  half  a«  many  cubic  feet  as  there  arc 
cubic  fct:t  per  hour  e^'aporated  in  the  boiler.  If  the  steam, 
therefore,  be  cut  off  at  half  stroke,  the  number  of  cubic  feel 
of  space  in  the  cylinder  will  be  equal  to  the  number  of 
cubic  feet  of  water  eifectively  evaporated  by  the  boiler;  and 
if  a  cubic  foot  of  water  effectively  evaporated  bo  taken  as 
the  measure  of  a  horse-power,  then  there  would  be  aa  many 
cubic  feet  in  the  ea|>acity  of  the  cylinder  as  is  equal  to 
nominal  power  of  the  engine. 

(177.)  The  duty  of  engines  varies  according  to 
form  and  magnitude,  the  circumstances  under  which  tbey 
are  worked,  and  the  purposes  to  which  they  arc  applied. 
In  double-acting  engines  working  without  expansion,  tke 
coal  cousuiued  per  nominal  horse-power  per  hour  varies 
from  7  to  12  lbs.  An  examination  of  the  atcam-logs  of 
several  government  steamers  made  by  me  a  few  yrars 
since,  gave,  as  the  average  of  consumption  of  fuel  at  thai 
time  of  tlie  best  class  of  marine  engines,  about  8  Iba.  per 
liomiiuil  horse-power  per  hour.  Since,  however,  tio  ac- 
count could  be  obtained  of  the  actual  evaporation  of  water 
in  the  boiler,  nor,  with  the  necessary  degree  of  precisioD« 
of  the  quantity  and  pressure  of  the  steam  which 
through  the  cylinders,  this  estimate  must  be  regarded 
an  approximation  subject  to  several  causes  of  t-rror. 
question  of  the  duty  of  boilers  and  engines  applied 
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leral  purposes  of  manufactures  and  navigation,  ig  one 
which  has  not  vet  been  satisfactorily  investig^ated ;  and  it 
were  much  to  be  desired  tliut  the  proprietors  of  such  cngiuea 
shouJd  cunibine  to  establish  a  strict  analysis  of  thfir  per- 
£onnance  in  reference  to  their  consumption  of  fuel,  their 
eraporation  of  water,  and  their  useful  effects.  The  results 
of  such  an  investigation,  if  properly  conducted,  would  per- 
Iiaps  tend  more  to  the  improvement  of  the  steam  engine 
than  any  discoveries  in  science,  or  inventions  in  mechanical 
<letaLl  likely  to  he  made  in  tlie  present  stage  of  tlie  progress 
of  that  machine. 

(178.)  A  strict  investigation  of  tliia  kind  haa  been  for  many 
jears  carried  on  respecting  the  performance  of  the  steam 
engines  used  for  the  drainage  of  the  mines  in  Cornwall ;  and 
it  has  been  attended  with  effects  tlie  most  beneficial  to  tlie 
interests  of  those  concerned  in  them.     Tlie  engines  to  which 
tliis  important  inquiry  has  been  applied  being  used  for  the 
purpose  of  pumping,  are  generally  single-acting  engines,  in 
which  steam  is  used   expansively  to  a  great   extent.     The 
steam  is  produced  under  a  very  high  pressure  in  the  boiler, 
and  being  admitted  to  the  cylinder  is  cut  off  after  a  small 
portion  of  the  entire  stroke  has  been  made,  the  remainder 
of  the  stroke  being  produced  by  the  expaniiion  of  tlio  steam. 
About  the  year  ISll,  a  number  of  the  proprietors  of  the 
principal  Cornish  mines  agreed  to  establish  this  sj'stem  of 
inspection,  under  the  manageraent  and  direction  of  Captain 
Joel    Lean,    and   to   publitih    monthly   reports.       In  these 
reports  were  stated  the  following  particulars:  —  I.  The  load 
per  square  inch  on  the  piston ;  2.  The  consumption  of  coal 
in  bushi-ls ;  3,  The  nvmibcr  of  strokes  made  by  the  engine ; 
4,  The  length  of  the  strokes  in  the  pumps ;  5.  The  load  in 
pounds ;  G.  The  duty  of  the  engine,  expressed  by  the  num- 
ber of  poumU  raised  one  foot  high  by  tlie  consumption  of  a 
bushel  of  coals;    7.  The   number    of  strokes   per   minute; 
8.  The  diameter  and  stroke  of  the  cylinder,  and  a  general  de- 
Knption  of  the  engine.  When  these  reportswore  commenced, 
the  number  of  engines  brought  under  inspection  was  twent)*- 
one.     In  the  year  I81IJ  it  increased  to  twenty-nine;  in  1814 
to  thirty-two;  in  1820  the  number  reported  upon  increased 
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^H           to  forty;  ill  1828  the  number  was  fiilty>scven ;  and  in  1836    1 

^H           it  iratf   sLXty-one.      This    gradual   increase  in  the  number 

^H            of  L'ligine^j    brought    under   tliiti    system   of  inspection,  was 

^H          produced  by  the  good  effects  wliich  attended  it.      These 

^H          beneficial  consequences  were  manifested,  not  only  in   the 

^H          improved  performance  of  the  same  engines,  but  in  the  gn- 

^H          dually  improved  e^ciency  of  those  which  were  afterwards 

^H          constructed. 

^H               The  following  table  taken  from  the  statement  of  the  duty 

^H          of  Cornish  engines  by  Thomas  Lean  and  brother,  lately  pub- 

^^^         lished  by  the  British  Association,   will  show  in  a  strikilig 

^^^K  manner  the  improvement  of  the  Cornish  engines,  from  the     \ 

^^^^V  commencement  of  this  system  of  inspection  to  the  present 

^H         time.       The  duty  is  expressed   by  the  number  of  pounds 

raised  one  foot  high  by  the  consumption  of  a  biishel  of  cnals 

ICflFL 

No.  of 

Average  Duly  of  the 

Avenge  Duly  of  the  bcal 
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As  an  example  of  the  beneficiai  effects  produced  upon  the 
efficiency  of  an  individual  engine  by  the  first  application  of  this 
system  of  inspection,  ihc  case  of  the  Stray  Park  engine  may  be 
mentioned.     Tliis  engine,  constructed  by  Boulton  and  Watt, 
bad  a  sixty  Inch  cylinder,  and  when  first  reported  in  1 8 1 1 ,  its 
duty  amounted  to   I  G,000,UOO  pounds.     After  baring!;  been 
reported  on  for  tlircc  years,  its  duty  was  found  to  have  in- 
creased  to  3^,000^000;  this  estimate  being  taken  fi-om  the 
Average  result  of  twelve  months'  perfoncancc.    Its  duty  was 
doubled  in  less  than  three  years. 

It  will  appear,  by  inspection  of  the  duties  registered  in  tUo 
preceding  table,  that  the  augmentation  of  the  efficiency  of 
t.be    engines  Has  not  been  the  effect  of  any  great  or  sudden 
improvement,  but  has  rather  resulted  from  the  combination 
of  a  great  number  of  small  improvements  in  the  details  of  tho 
operation  of  these  machines.     In  these  improvements  more 
is  due  to  the  successful  npplicatiou  of  pructical  experience 
tjian  to  any  new  principles  developed  by  scientific  research. 
'Ms.  Jolm  Taylor,  in  his  "  Records  of  Mining/'  has  traced 
Xhe  successive  improvements  on  which  the  increased  duty  of 
engines  depends,  and  has  connected  these  improvements  with 
their   causes   in  the   order  of  their  dates.     The   following 
results,   abridged   from   his    estimates,   may    not    be   unin- 
teresting :  — 

In  I7G9,  soon  after  the  date  of  the  earliest  discoveries  of 
idx^  Watt,  but  before  they  had  come  into  practical  applica- 
tion, Smeaton  computed  that  the  average  duty  of  fifteen 
atmospheric  engines,  working  at  Newcastle-on-Tyne,  waa 
5,590,000.  The  duty  of  the  best  of  these  engines  waa 
I  7,440,000,  and  that  of  the  worst  3,220,000. 
I  In   1772,  Smeaton  commenced  his  improvements  on  tho 

I      atmospheric  engine,  and  raised  the  duty  to  9,4o0,000. 
L  In  1776,  Watt  obtaiiicd  a  duty  of  21,600,000. 

■  At  this   time  Smeaton   acknowledged  that  Watt's  engines 
I     f^vc  a  duty  amounting  to  double  that  of  his  own. 

I  In  177^-79,  Watt  reported  a  duty  of  23,W0,OO0. 

■  From  1779  to  1788,  Watt  introduced   the  application  of 
I      expansion,  and  raised  the  duty  to  1£C,(>()0,000. 


In  1798,  an  engine  hy  Boulton  and  Watt,  erected  at  Her- 
lond,  was  reported  as  giving  a  duty  of  27,000,000. 

This  engine,  which  was  probabl}'  the  beat  which  at  that 
time  had  ever  been  erected,  attracted  the  particular  attention 
of  Mr.  Watt,  who,  on  visiting  Cornwall,  went  to  aee  it,  and 
had  many  experinneutjj  tried  with  it.  It  was  under  the  care 
of  Mr.  Murdock,  the  agent  of  Messrs.  Boulton  and  Watt  in 
Cornwall.  When  Mr,  Watt  inspected  it  he  pronoimced  il 
perfect,  and  that  further  improvement  could  not  be  expected. 
How  singular  an  instance  this  of  the  impossibility,  even  of  tlie 
most  sagacious,  to  foresee  tiie  results  of  mechanical  improve- 
ment!  In  twent}-  years  afterwaids  tlie  average  duty  of  the 
best  engine  was  nearly  4O,tMX),00O,  and  in  forty  yean  it  was 


above  84.000,000. 
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mankind  by  that  machine,  it  will  perhaps  not  bo  dermed  ftu 
improi>er  digression  in  this  work,  to  devote  some  pages  to  a 
notice  of  the  principal  labours  of  the  &ame  mind  in  other  de- 
partments of  art  and  science,  and  to  circumatonccs  conncctrd 
with  his  personal  history  and  the  close  of  his  life,  which  can- 
not  fail  to  possess  general  interest. 

At  the  period  nben  Watt,  having  connected  himself  ta 
partnership  mth  Boulton,  went  to  reside  at  Soho,  near  Bir- 
mingham, a  number  of  persons,  some  of  whom  haTc  lince  at- 
tained great  celebrity  by  their  discoveries  and  their  works,  and 
all  of  whom  were  devoted  to  inquiries  connected  with  the  art* 
and  sciences,  resided  in  that  neighbourhood.  Among  these  may 
be  mentioned  Priestley,  whose  discoveries  in  ph^'sical  science 
have  rendered  his  name  immortal;  Darwin,  the  philosopher 
and  poet;  Witherino,  a  distinguished  physician  and  botanist; 
Keir,  a  chemist,  who  published  a  translation  of  Macqucr, 
with  annotations ;  Galton,  the  ornithologist ;  and  Edoe- 
woHTH,  whose  investigations  respecting  wheeled  carriages  aad 
other  subjects,  have  rendered  him  well  known.  A  society  WM 
formed  by  these  and  other  individuals,  of  which  Bonlton  and 
Watt  were  leading  members,  the  meetings  of  which  were  heJd 
monthly  on  the  evening  of  full  moon,  and  which  was  thence 
called  the  Lunar  Society.  At  the  meetings  of  this  society,  sub- 
jects connected  with  the  arts  and  sciences  were  discussed,  siui 
out  of  those  discussions  occasionally  arose  suggestions  not  un* 
attended  with  important  and  advantageous  consequences.  At 
one  of  these  meetings,  Danvin  stated  that  he  had  discovered 
a  pen  formed  with  two  quills,  by  means  of  which,  at  a  siofle 
operation,  an  original  and  a  copy  of  a  letter  might  be  pco- 
duced.  Watt  almost  instantly  observed  that  he  thought  W 
could  find  a  better  expedient,  and  that  he  would  Cum  it  ifl 
his  mind  that  night.  By  the  next  morning  the  cornvo 
PRESS  was  invented,  for  which  he  afterwards  obtained  a  pa- 
tent. 

This  macliine,  which  is  now  so  generally  lued  in  counting 
houses,  consists  of  a  rolling-press,  by  which  a  leaf  of  thin 
paper,  previously  damped,  is  pressed  upon  the  letter  to  be 
copied.  The  writing,  of  which  the  ink  is  not  yet  quite  diy, 
leaves  its  impression  upon  the  thin  paper  thus  pressed  upon 
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it,  and  the  copy  taken  in  this  manner  is  rend  through  the 
semi-transparent  paper.  If  a  letter  be  written  with  iak  suit- 
able for  this  purpose,  a  copy  may  be  taken  at  any  time  within 
several  hours  after  the  letter  is  written. 

The  method  of  heating  apartments  and  buildings  by  steam, 
which  has  since  been  improved  and  brought  into  extensive 
uae,  was  likewise  brought  forward  by  Watt.  Although  this 
contrivance  had  been  previously  pointed  out  by  Sir  Hugh 
Piatt  about  the  middle  of  the  seventeenth  century,  and  by 
ColonclCookeinl745,  yet  these  suggestions  remained  barren. 
Air.  Watt  gave  detailed  methods  of  heating  buildings  by 
steam  • ;  and  also  invented  a  machine  for  drying  linen  by 
steam,  a  description  of  which  be  communicated  to  Dr. 
Crcwster,  which  was  read  in  December,  1824,  before  the 
Socnety  for  promoting  Useful  Arts  in  ScotIand.t 

But  the  circumstance,  exclusive  of  those  connected  with 
the  invention  of  the  steam  engine,  which  is  by  far  the  most 
memorable  in  the  career  of  Watt,  is  the  share  which  he  had 
in  the  discovery  of  the  composition  of  water.  As  this  cir- 
cumstance has  recently  excited  much  interest,  and  led  to  some 
controversy,  wc  shall  here  state,  as  distinctly  as  possible,  the 
leading  facts  connected  with  it. 

Water,  which  was  so  long  held  to  be  a  simple  element,  has, 
in  modem  times,  been  proved  to  be  a  substance  consisting  of 
two  aeriform  bodies  or  gases  chemically  combined.  These  two 
gajiea  arc  those  called  in  chemistry  oxygen  and  hydrogen.  If 
eight  grains  weight  of  oxygen  be  mixed  with  one  grain  weight 
of  hydrogen,  and  the  mixture  bo  submitted  to  such  effects  as 
would  cause  the  chemical  combination  of  these  two  airs,  it 
would  be  converted  into  nine  grains  weight  of  pure  water. 

If,  on  the  other  hand,  nine  grains  weight  of  pure  water  be 
submitted  to  any  conditions  which  would  separate  its  consti- 
tuent parts,  the  result  would  be  eight  grains  weight  of  oxygen 
gas,  and  one  grain  weight  of  hydrogen  gas.  There  are  a  va- 
riety of  methods  in  physics  by  which  these  effects  would  be 

•  Sec  Bucbannn  on  the  Economy  of  Fuel  ntid  Manogement  of  Heat, 
especially  as  it  rclntrs  to  tiwiiing  ami  dr>ing  by  means  of  Stcutu. 
t    See   Brcw»t«r*8    Eilintmrgh  Encyclopasiia,    wticb    Steam -ORTIHO 
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produced.     It  will  be  sufUcicnt  here  to  state  one  mediod  of 
producing  each  of  the  above  changes. 

If  eight  grains  weight  of  oxygen  be  inclosed  in  a  at 
vessel  with  one  grain  weight  of  hydrogen,  all  other  substant 
being  excluded,  and  the  mixture  be  inflamed,  an  explosion 
will  take  place,  the  gases  will  disappear,  and  a  small  quan- 
tity of  water  will  bo  the  only  substance  remaining  in  the 
vessel.  If  this  water  be  weighed,  it  will  be  found  to  weigh 
exactly  nine  grains. 

It  is  known  that  the  metals  have  a  strong  attraction  for 
oxygen  gas,  and  this  attraction  is  promoted  by  elevating  their 
temperature.  If  a  glass  tube  be  filled  with  iron  wire  heated 
to  redness,  and  to  one  end  of  this  tube  a  small  vessel  of  boiling 
water  be  attached,  the  steam  evolved  from  the  water  will  force 
its  way  through  the  spaces  between  the  red-hot  wires  in  the 
tube,  and  would  be  expected  to  issue  from  the  remote  end ; 
but  if  the  substance  issuing  from  the  remote  end  of  the  tub« 
be  examined,  it  will  be  found  to  be  not  steam,  but  hydrogen 
gas.  If  the  quantity  of  this  gas  be  ascertained  by  weight,  and 
also  the  quantity  of  weight  lost  by  tlie  vessel  of  water  at  the 
other  end  of  the  tube,  it  will  be  found  that  the  loss  of  weight 
of  the  water  by  eva|>oration  will  be  nine  times  the  weight  of 
the  hydrogen  which  has  issued  from  the  remote  end  of  the 
tube.  If  the  weight  of  the  tube  with  the  wire  contained  in 
it  bo  next  ascerUiined,  it  will  be  found  to  be  increased  by 
eight  times  tlic  weight  of  the  hydrogen  which  has  issued  from 
its  remote  end.  From  this  it  follows  that  the  weight  of  the 
hydrogen  which  has  escaped  from  the  tube,  added  to  the  in- 
crease of  weight  which  has  been  given  to  the  wire  in  the  tube, 
makes  up  tlie  whole  weight  of  the  water  evaporated.  If  the 
wire  in  the  tube  be  next  examined,  it  will  be  found  that  it 
has  suflered  oxydation,  or,  in  other  words,  that  a  new  sub- 
stance has  been  formed  in  it  called  the  oxyde  of  iron* — such 
substance  being  a  chemical  compound  formed  of  oxygen  gas 
and  iron. 

It  follows,  therefore,  that  in  this  process  the  vapour  of  the 
water,  in  passing  through  the  tube,  has  been  decompuscd,  and 
that,  having  given  up  to  the  iron  its  oxygen,  tlie  hydrogen 
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alone  escaped  from  the  other  end ;  and  for  everj"  nine  grains 
vcight  of  stcaai  which  passed  through  the  tube,  eight  grains 
of  oxygen  have  been  combined  with  the  iron,  and  one  grain 
of  hydrogen  has  escaped  from  the  end  of  the  tube. 

Such  are  the  clasa  of  effects  on  which  the  modern  discovery 
of  the  composition  of  water  has  been  based.  The  merit  of 
that  discovery  has  been  shared  between  the  celebrated  Knglish 
chemist,  Cavendish,  and  the  not  less  celebrated  French  che- 
mist, Lavoisirr,  the  chief  merit,  however,  being  ascribed  to 
the  former. 

We  shall  now  briefly  state  the  facts  which  led  to  this  dis- 
covery, with  their  dates,  which  will  necessarily  show  the  share 
which  Watt  had  in  it. 

When  pure  hydrogen  gas  is  burned  in  an  atmosphere  of 
common  air,  the  process  which  takes  place  is  now  known  to 
be  notbing  move  than  the  cheinical  combination  of  the  hy- 
drogen with  eight  times  its  own  weight  of  oxygen  taken  from 
the  atmosphere,  and  the  product  of  the  combustion  is  a  quan- 
tity of  water  nine  times  the  weight  of  the  hydrogen  consumed. 
In  the  year  1776,  Macquer,  a  well-known  chemist  of  that 
day,  having  held  a  saucer  of  white  porcelain  over  a  flame  of 
hydrogen  which  was  burning  at  the  mouth  of  a  bottle,  ob- 
served that  no  smoke  was  produced  and  no  soot  deposited  on 
the  saucer.  On  the  other  hand,  he  found  that  after  the  lapse 
of  some  time  drops  of  a  clear  pellucid  liquid  were  perceptible 
on  the  saucer:  this  liquid  he  submitted  to  analysis,  and  found 
it  to  be  pure  water.  Macquer  mentioned  this  fact  without 
eoromenl  or  inference.  It  did  not  occur  to  him  that  the 
water  thus  produced  upon  the  saucer  was  a  substance  which 
contained  the  hydrogen,  which  disappeared  upon  combustion 
from  the  bottle. 

On  the  18th  of  April,  1781,  Mr.  Warltire  addressed  a 
letter  to  Dr.  Priestley,  dated  Birmingham,  which  letter  is  pub- 
lished in  Dr.  Priestley's  ^xyjen'men/*  om //»>,  printed  at  Bir- 
mingham in  1781,  in  which  Warltire  informs  Priestley  that 
he  had  fired  a  mixture  of  hydrogen  and  common  air  in  close 
glass  vessels,  and  that,  although  previously  to  firing  the  mix- 
ture  the  vessels  were  clean  and  dry,  a  dewy  deposit  was 
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observed  afterwards  ou  tbcir  sides, 
sent  which  was  not  present  before. 

The  mixture  was  in  this  cose  5rcd  by  passing  an  electric 
spark  through  the  vessel;  and  it  is  now  knotvn  that  tlw 
effect  produced  was  the  combination  of  the  bydroRen,  whick 
formed  part  of  the  mixture  of  airs  in  thp  veMel  witb  thm 
oxygen,  which  also  formed  part  of  the  same  mixture. 

It  appears,  from  expressions  in  Warltire's  letter,  that  tS^ 
same  experiment   haj   been  previously  niade  bj  Priestley, 
and  the  same  result  observed  hy  him. 

The  inference  deduced  from  this  by  Warltire,  and  ap- 
parently  acquiesced  in  by  Priestley-,  was,  that  whenercr 
hydrogen  was  fired  In  atmospheric  air,  the  moisture,  which 
is  always  more  or  less  sustained  in  the  latter,  was  deposited ; 
but  ni'itlicr  of  tliesc  cbcmisLs  perceived  the  real  cause  of  the 
production  of  the  water. 

In  the  beginning  of  1783,  and  not  later  than  the  21sl  of 
April,  this  experiment  of  Warltire  and  Priestley  was  re- 
peated by  Cavendish,  with  this  difference,  that,  iinlead  of 
exploding  the  mixture  of  hydrogen  and  commDii  air,  Caveo* 
dish  exploded  a  mixture  of  hydrogen  and  oxygen.  He  ot^ 
served  that  water  was  present  after  tlic  explosion,  but  im/errttt 
nothing. 

In  a  published  paper  dated  April,  nS.*),  Priestley  an- 
nounced a  furtlicr  and  most  important  result  of  bis  expe- 
riments. This  was,  that  in  examining  the  weight  of  waUr 
produced  by  Uie  explosion  of  a  mixture  of  oxygen  and  hy- 
drogen, that  teeight  wa*  found  to  be  preciielg  eejual  to  lh» 
mm  of  the  umightt  of  the  tvs}  gasex,  which  disappeared  in  Uw 
process. 

Immediately  on  observing  this,  Priestley,  lieing  (hen,  as 
has  been  already  stated,  Watt's  near  neighbour,  coanauni- 
cated  to  the  latter  what  be  had  observed  ;  upon  which  W«U 
immediately,  viz.  by  a  letter  dated  the  26ch  of  the  sum 
month,  declared  that  the  inevitable  consequence  which  ffat- 
lowed  from  Priestley's  observations  was,  that  water  was  a 
substance  compounded  of  oxygen  and  hydrogen  deprived  of 
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a  quantity  of  licat  which  was  prcviousl)-  latent  in  tliem.' 
The  letter  containing  this  inference  was  commtinicatccl  im- 
mediately by  Priestley  to  Sir  Joseph  Banks,  then  President 
of  the  Hoya!  Society,  to  be  laid  before  that  body;  and  it  is 
accordingly  printed  with  its  proper  date  in  the  71th  volume 
of  iho  Philosophical  Trantactiom. 

About  two  months  aftor  the  date  of  Mr.  Watt's  letter  just 
quoted,  Lavoisier  made  experiments  on  the  combustion  of 
oxygen  and.  hydrogen,  and  read  a  memoir  before  the  Aca- 
demy of  Sciences  in  Paris,  in  which  his  ^iews  of  the  form- 
ation of  water  by  the  combination  of  these  gases  were 
developed.  This  paper,  by  T^avoiaier,  was  afterwards  printed 
in  the  Memoirs  of  tlic  Academy  in  the  year  1784.^  The 
CTporimenls  are  there  stated  to  have  been  made  in  the 
month  of  June*  1783;  and  it  is  stated  that  Sir  Charles 
BlagJen,  who  was  present  at  the  experiments,  told  Lavoisier 
that  Mr.  Cavendish  had  already  burned  the  same  gases  in 
close  vessels,  and  obtained  a  very  sensible  quantity  of  water. 

On  the  1 5th  of  January,  ITS^,  tlie  celebrated  paper  by 
Cavendish,  entitled  "  Experiments  on  Air,"  was  read  before 
the  Royal  Society,  and  in  this  paper  the  composition  of 
water  by  the  union  of  oxygen  and  hydrogen  is  explained. 

in  a  controversy  which  afterwards  ensued  on  tlie  respective 


*  The  followinc  are  the  trords  in  which  Watt  makei  this  reauu-kable 
aiinouncemi-nl  to  Pricatli-y  :  — 

"  I^t  lis  m>w  rotiitiJiT  uhut  ubriously  hap]K-ii>i  in  the  (]eflfij;rati<m  of 
**  the  inflammable  (hydrogen)  nml  ()e[thloi>i)>ciciited  air  (oxygen).  These 
*■  two  kinds  of  ojr  unite  with  violence  ;  they  become  red  hot,  and  upon 
**  cooling,  totally  itisBppe&r.  When  the  vessti  ii  cooled,  a  quantity  of 
•"  WBtcr  is  found  in  it  equal  to  the  weight  of  the  uir  employe  J.  This 
"  water  ia  then  the  only  remaining  product  of  the  process  ;  and  water, 
**  lijflit,  mid  hent  are  all  the  prutliietn, 

*'  Are  we  not  then  nuthon^ed  to  conrlu<le,  that  water  is  composed  of 
"  dcphlosiuicated  ur  (oxj-gen)  and  phlogiiton  (hydrogen),  deprived  of 
■*  part  oTlheir  lateut  or  eleinciitniry  hciit ;  that  dcplilogifitiraled  or  pure  air 
*•  (oxyeen)  w  composed  ofwotcr  deprivol  of  Jtt  phlogiston  (hydrogen), 
**  and  united  to  defoentar;  heat  and  light  ;  anil  thnt  the  latter  are  con- 
"  taincd  in  it  in  a  latent  state.  An  as  not  to  he  RenKthlc  to  the  thertnometer 
"  or  to  the  eye  ;  and  if  tight  be  only  a  modification  of  heat,  or  a  circum- 
'•  !:lnnce  attending  it,  or  a  component  psirt  of  the  inflammable  air  ^hy- 
"  drogvn),  then  pure  or  tiephlogisticated  wr  (oxygen)  is  cotnposen  of 
"  water  dqn-tved  of  its  phtugiston  (hydrogen),  andunited  to  elementary 
"  heat." 
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claims  of  Cavendish  and  Lavoiner  to  credit  for  the  discOTerr 
of  the  conipofiition  of  water,  Sir  Charles  Blagden  sUted  that 
he  had  told  Lavoisier,  in  June,  1783,  more  than  I^voiAcr 
ftcknowlrdgedf  that  he  had  not  only  tuld  him  that  water  wai 
produced  by  the  combustion  of  the  gnses,  but  that  his  tn- 
formation  embraced  the  wluilc  theory  of  the  composition  of 
water.  This  declaration  of  Blagden  was  subsequent  in  date 
to  Januan,',  1784^  and  there  is  no  evidence  of  any  expla- 
nation of  this  theory,  verbal  or  otherwise,  haxHng  been  given 
by  Cavendish,  or  any  other  person,  antecedent  to  April, 
1783. 

From  this  brief  statement  of  the  facts  and  dates  it  will 
appear  that  the  merit  of  the  discovery  of  the  fact,  that  the 
weight  of  water  resulting  from  the  combustion  of  oxjgen 
and  hydrogen,  -is  equal  to  the  sum  of  the  weights  of  the 
oxygen  and  hydrogen  which  disappear  in  the  combustion,  is 
due  to  Priestley;  and  that  the  merit  of  the  iNrRKRNCE  from 
that  fact,  that  water  is  a  compound  body,  whose  constituents 
are  oxygen  and  hydrogen,  is  due  to  Watt.'  Whether  ihoae 
who  subsequently  deduced  the  same  inference,  and  promul- 
gated the  same  theory,  were  or  were  not  informed  of  Mr. 
Watt's  solution  of  the  phenomenon,  or  what  credit  may 
be  due  to  any  person,  however  eminent,  who  at  any  time 
posterior  to  Mr.  Watt's  letter  to  Priestley,  asserted  that  they 
had,  at  a  time  antecedently  to  that,  made  the  same  inference 
without  having  pubhslicd  it,  or  communicated  it  in  such  a 
manner  as  to  establish  their  claim  upon  rational  and  credi- 
ble evidence,  are  questions  which  we  shall  not  here  disroas, 
being  contented  with  establishing  the  right  of  Mr.  Walt  to 
the  merit  of  the  discovery  of  the  theory  which  explained 
the  FACT  discovered  by  Priestley. 

Even  in  his  declining  years,  after  he  had  withdrawn  from 
the  active  pursuits  of  bts  business,  the  least  excitement  was 
sufficient  to  call  into  play  the  slumbering  powers  of  his  in- 
ventive genius.     No  object  could  present  itaelf  to  his  notice 

*  ThoM  wbo  desire  to  inresiigntc  this  controrcny  more  io  6auSi  ail 
Amlvery  full  tnlormalkin  on  the  siibject  in  the  Tnuulition  of  Anifo^i  Eli^|lk 
with  not««  ami  ii|>|>cntlrx  bv  J.  I*.  MiiirhrwI.  Esq,   Mumj',  London,  IMV. 


PRIVATE    LIFE    OF    WATT. 


3O0 


without  receiviog  from  that  genius  adaptalioii  in  fonn  and 
construction  to  useful  purposes.  As  an  example  of  this  rest- 
less activity  of  mind  the  following  anecdote  may  be  men- 
tioned :  — 

A  company  at  Glasgow  had  erected  un  the  right  bank  of 
the  Clyde  extensive  buildings  and  powerful  engines  for  sup- 
plying water  to  the  town.  After  this  expense  it  was  found 
that  a  source  of  water,  of  very  superior  quality,  existed  on 
the  left  bank  of  the  river.  To  change  the  site  of  the  esta- 
blishment, after  the  expense  which  had  been  incurred  in  it^ 
erection  could  nut  be  cuutetnplatcd,  and  they  therefore  pro- 
posed to  carry  across  the  bottom  of  the  river  a  flexible  suction 
pipe^  the  mouth  of  wiiicli  should  terminate  in  the  source 
from  which  the  pure  water  was  to  be  derived.  Tliis  pipe  was 
to  be  supported  by  a  flooring  constructed  upon  the  bed  of  the 
river;  but  it  was  soon  apparent  that  the  construction  of  such 
a  flooring  on  a  shifting  and  muddy  bottom,  full  of  inequali- 
ties, and  under  several  feet  depth  of  water  would  require  a 
greater  expenditure  of  capita]  than  coidd  with  propriety  bo 
afforded.  In  this  difficulty  the  aged  mechanician,  fur  whom 
Glasgow  itself  had  been  the  earliest  stage  of  professional  la- 
bour, was  applied  to,  and  instantly  solved  the  problem.  His 
attention  is  said  to  have  been  attracted  by  a  lobster  which  had 
been  served  at  table :  he  set  himself  abuut  to  contrive  how,  by 
mechanism,  he  could  make  an  apparatus  of  iron  with  joints 
which  should  have  all  the  flexibility  of  the  tail  of  the  lobster. 
He  therefore  proposed  that  an  articulated  suction-pipe,  ca- 
pable of  accommodaliHg  itself  to  all  the  inequalitiLs  and  to 
the  possible  changes  of  the  bed  of  the  river,  should  be  car- 
ried across  it;  that  this  flexible  pipe  should  be  two  feet 
in  diameter,  and  one  thousand  feet  in  length.  This  pro- 
ject the  company  accordingly  caused  to  be  executed  after 
the  plans  and  drawings  of  Watt  witli  the  most  complete  sue* 
cess.* 


'  An  account  of  this  n:markol)le  apparatus,  accompanied  by  an  en- 
ttfaviiiB  miuJc  from  a  drawing  siipplicit  liy  Watt,  was  cotniouiiicateil  by  Sir 
[John  Kubut<Hi  tu  the  Ed'mbur^h  i'hUoioplncai  Journal  in  ItiZU.  See  vol.  iii. 
Ip.  60. 
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Among  the  less  promincat,  though  not  less  useful  serricn 
rendered  by  Watt  to  his  country,  may  be  mentioned  the  in- 
troduction of  the  use  of  chlorine  iu  bleaching.  That  inven- 
tion of  BerthoUet  was  introduced  into  England  by  Watt  after 
his  visit  to  Paris  at  the  close  of  the  year  178(>.  Ue  con- 
structed all  the  necessary  apparatus  for  it,  directeil  its  erectioo* 
and  superintended  its  Urst  performances.  He  then  left  it  to 
his  wife's  father,  Mr.  Macgregor,  to  cany  on  tlie  proccsse*. 

When  tlie  properties  of  the  gases  began  to  occupy  the  at- 
tention of  chemists*  attempts  were  made  to  apply  them  «a  a 
means  of  curing  distrases  of  tlic  lungs.  Dr.  Beddoes  punned 
this  inquiry  with  great  activity,  and  established,  through  the 
means  of  private  subscription,  at  CliAoHf  an  institution  ia 
which  this  method  of  cure  was  carefully  investigated.  Tbe 
Pneumatic  Juslitution  (for  so  it  was  called)  has  bees  ren- 
dered celebrated  for  having  at  its  head  Humphry  Davj,  juit 
then  commencing  bis  scientific  career.  Among  ita  foondcn 
was  also  numbered  James  Watt.  Not  content,  however,  with 
aifordiug  the  institution  the  sanction  of  his  name,  he  designed 
and  caused  to  be  coustructcd,  at  Soho,  the  apparatus  used 
for  making  the  gases  and  administering  them  to  the  patteota. 

As  the  exalted  powers  of  the  mind  of  Watt,  unfoIdoA 
in  his  numerous  mechanical  and  philosophical  inventions 
discoveries,  have  commanded  the  admiration  and  respect 
his  species,  the  aifectiou  and  love  of  his  fellow  men  wouU 
not  have  been  less  conciliated,  had  the  qualities  of  his  Iwrnit, 
as  developed  in  his  private  and  personal  relatioaa,  been  u 
well  known  as  the  products  of  his  genius. 

In  the  year  1764,  Watt  being  then  in  the  twenty-ninth 
year  of  his  age,  married  his  cousin.  Miss  Miller.  At  this 
time  he  bad  fallen  into  a  state  of  despondency  from  bis  dia- 
appointments,  which  produced  a  aeriuus  attack  of  nerroiu 
illness.  The  accomplishments  and  superior  understanding 
tlic ,  mildness  of  temper  and  goodness  of  disposition  of  hia 
wifci  soon  restored  him  to  health.  Of  this  marriage  fbor 
children,  two  sons  and  two  daughters,  were  the  issue.  Two 
of  these  children  died  iu  infancy;  another,  a  daughter,  wu 
married  to  Mr.  MiUer  of  Glasgow;  and  the  fotirth  is  ibe 
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present  Mr.  James  Watt.  In  September,  1773,  while  her 
husband  was  engaged  iu  the  design  of  the  Caledonian  canal 
in  the  North  of  Scotland,  Mrs.  Watt  died  in  child-bed  of  a 
fifth  child,  %vho  was  still-born  :  "  Would  that  I  might  here 
transcribe,"  sa^s  M.  Arogo,  "  in  all  their  simple  beaut^r, 
some  lines  of  the  journal  in  which  he  daily  recorded  his 
iumost  thoughts,  liis  fears,  his  hopes !  Would  that  you 
could  see  him,  after  this  heavy  affliction,  pausing  on  the 
threshold  of  that  home,  where  'His  Kind  Wklcomer* 
awaited  him  no  more;  unable  to  summon  courage  to  enter 
tliose  rooms  where  he  was  never  more  to  meet  *the  Com- 
FORT  OF  HIS  Life!'  Possibly,  so  faithful  a  picture  of  a 
very  deep  sorrow  might  at  last  put  to  silence  those  obstinate 
theorists,  who,  without  being  struck  by  the  thousands  of 
instaoccs  to  the  contrary,  do  yet  refuse  qualities  of  the  heart 
to  every  ma»  whose  intellect  has  been  fostered  by  the 
fertile,  sublime,  and  imperishable  truths  of  the  exact  sci- 
ences!" 

After  the  lapse  of  some  years  Watt  married  Miss  Mac- 
gregor,  a  person  who  is  represented  to  have  possessed  qua- 
lities of  luind  which  rendered  her  a  companion  every  way 
suitable  to  her  husband.  This  lady  survived  Watt,  aud  died 
in  1832  at  an  advanced  age.  Two  childieu  were  the  issue  of 
this  second  marriage. 

In  the  year  1800  the  extended  patent  right,  which  liad 
been  granted  to  Boulton  and  Watt  for  llieir  improved 
engine,  expired,  and  at  this  time  Mr.  Watt  retired  alto- 
gether from  business.  lie  was  succeeded  by  his  two  sous, 
the  present  Mr.  James  Watt,  and  Gregory,  one  of  the  cliil- 
dren  of  his  second  marriage.  Tht?  works  at  Soho  continued 
to  be  conducted  by  the  present  Mr.  Boulton,  the  son  of  tha 
partner  of  Mr.  Wfttt,  and  the  two  Messrs.  Watt.  In  1804 
Gregory  Watt  died  at  the  age  of  twenty-seven,  of  a  disease 
of  the  chest.  This  afHicting  event  was  deeply  felt  by  Mr. 
Watt ;  but  he  did  not  sink  under  it  into  that  state  of  de- 
spondency ill  which  he  has  been  represented  to  have  fallen 
by  M.  Arago,  On  the  contrary",  he  continued  to  show  the 
same  activity  of  mind  which  had   characterised  his  whole 
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Ufe  ;  nor  did  he  lose  that  interest  which  he  always  cook  in 
the  pursuit  of  literature  and  in  society.  The  slate  of  his  feel- 
ings under  this  affliction  is  shown  by  tlie  foUowing  extracts 
from  letters  written  by  him  at  that  time,  which  have  been 
published  by  Mr.  Muirhcad. 

"  Heattitield.  Jnauary  )!6th.  I80d. 
•  •  "I,  perhaps,  have  soIJ  too  much  to  you  and  ^lrt(.  Campbell  oa 
"  the  Btutu  of  luy  unind.  I,  therefore,  thhik  it  neceaaaty  to  saty  that  /  am 
"  not  loui  xjiirited;  and  were  you  here,  yon  would  ftncl  me  as  cheerful  in 
"  the  cocDpaay  of  my  friends  as  uauul ;  my  feelingii  for  the  loss  of  poor 
"  Urc^ry  arc  not  jiussiDii,  but  b  dec])  regret  unit  such  wa»  his  and. 
"  my  lot. 

"  I  kauw  that  ull  men  mu^it  die,  and  I  submit  to  the  decrees  of  natim^ 
"  I  hope  "  ith  due  rererence  to  the  Disposer  of  Events.  Y«  one  stimohM 
"  to  exertion  is  taken  iLvray,  und,  somehow  or  other,  I  have  lost  my  reluh 
"  lor  my  uiual  avocations,  Pcrlinps  time  may  remedy  llmt  in  soinr  mea- 
"  sure  ;  mcaiiwhllL-,  I  do  not  neglect  the  means  of  aDiuttement  which  arc 
•*  ill  my  power." 


••  Heathfield.  April  8th.  IMS. 
*  *  "It  is  rather  murtilyiDg  tu  nee  how  easily  the  want  of  even  the 
"  bett  of  lis  is  dispensed  with  in  the  world  ;  but  it  is  rery  well  it  shoukt 
"  bo  so.  Wc  here,  bDwcver,  cannot  help  feeling  &  terrible  bhink  to  our 
"  riiiiiily.  Wlicn  I  look  at  aiy  son's  books,  nis  writings  and  drawiuga,  I  alwju-s 
"  say  to  mysetf,  where  ure  the  mind  that  conceircd  these  thing's,  and  toe 
"  hands  that  executed  them?  In  the  course  of  nature,  he  should  have 
"  said  so  of  mine  ;  but  it  was  otherwise  ordered,  and  our  sorrow  is  un- 
"  arniting.     As  CotuUiia  wys  :  — 


■^—^  *  Nunc  it,  per  it«  ivnabricunim. 
lUuc,  uade  iwgoot  rajire  (luvrnquam. 
At  vobis  omIc  sit.  Riale  lencbr* 
Urci.  qua  amoia  tMlta  deroiatU  I ' 


r"  But  Catullub  wufl  a  heutheii  ;  let  us  hope  that  be  (G.l  is  now  rgoicu^ 
'*  in  another  and  a  better  worlit,  fre«  from  our  care*,  grids,  uud  iiifirtnitio. 
"  ^me  one  has  said,  I  shall  not  whoCly  die;  and  Gregory V  iMuiie^  his 
"  merits  and  vtrtiics,  will  live  at  least  as  Ion;;  as  those  do  who  knew  hiai. 
**  You  are  not,  from  ihi*.  to  conceive  that  we  give  way  to  grief;  oa  the 
"  contrary,  yon  wilL  find  us  us  cheerful  w  wc  ou^'ht  to  be,  and  as  much 
**  disposed  to  enjoy  the  friends  wc  have  left  as  ever  ;  but  wc  should  ip- 
"  proacb  to  brutes  if  we  had  no  regret*." 


Mr.  Walt,  at  the  daU-  uf  these  letters,  had  entered  oa  hi$ 
K-ventictli  year,  a  period  after  which  great  mental  exertiooft 
are  rarely  made. 
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In  the  summer  uf  1819,  ^Ymploms  of  uidisposiitiau  tiiaiii- 
fesLed  themselves  which  soon  rendered  "Watt  aware  of  his 
approaching  dissolution.  "  1  am  very  sensible,''  said  he  to  his 
afflicted  fricnda,  "  of  the  attachment  you  show  me,  and  1 
hasten  to  thank  you  for  it,  as  I  am  now  come  to  my  last  ill- 
ness.*' He  died  on  the  35th  of  August,  1S19.  His  remains 
were  deposited  in  the  church  of  Ilandsworth,  near  his  es- 
tate uf  Heathlield.  His  sou  has  raised  over  his  grave  a 
Gothic  chapel,  in  the  centre  of  which  is  placed  a  statue  by 
Chan  trey. 

The  personal  character  of  Watt  could  not  fail  to  excite  the 
admiration  and  the  love  of  those  distinguished  persons,  whose 
pride  and  happiiiCHS  it  was  to  be  admitted  to  a  share  in  the 
friendship  of  the  great  engineer.  Among  these  were  reck- 
oned some  of  tlie  men  who  will  leave  upon  the  present  age 
the  deepest  and  most  lusting  iiupressioiis  of  their  genius,  and 
such  persons  have  bequeathed  to  posterity  the  sentiments 
wilii  which  he  inspired  them.  We  cannot  here  do  more  jus- 
tice to  the  personal  character  of  the  sulgect  of  this  notice 
than  by  repeating  llie  portraiture  of  it  which  has  been  given 
by  three  of  the  most  distinguished  of  his  friends,  and  of  the 
must  illustrious  men  of  the  present  age. 

At  a  meeting  convened  in  1834,  for  erecting  a  monument 
to  Watt,  Lord  Brougham  pronounced  u  speech,  firom  which 
we  extract  the  following  observations  :  — 


**  I  bad  the  happinetiH  of  knuwiiig  Mr.  Watt,  for  muny  jrears,  in  the 
"  iotercoUDie  of  private  life  ;  and  I  will  lake  ui»on  me  (o  bear  a  testimony 
"  in  which  all  who  Kad  thiit  gnitificalion  I  am  nun:  will  join,  that  they  who 
"  only  knew  liU  public  ini-'nl,  prodigious  as  that  was,  knew  bot  half  his 
■*  worth.  Those  who  were  admitted  to  his  society  wiil  rwwlily  uUow  that 
"  anything  more  pure,  more  ciindid,  more  »int|ite,  more  M-nipttlouhly  loving 
"  of  justice,  than  rhc  whole  haliita  of  his  life  und  convcraulioT),  proved  btin 
"  to  be,  was  never  known  in  society.  One  of  the  most  iistotiishing  cir- 
••  cunisUnces  in  tliia  truly  great  man,  wa«  the  vcrButility  of  his  talents, 
**  Uia  iiccompliahnicncs  were  so  vtu'ious,  the  poweri  of  his  mind  were  so 
"  vast,  and  yet  of  such  universsd  ivpplit-alion,  that  it  wa*  hard  to  say  whc- 
"  ther  w'c  should  moat  admire  the  extraordinary  grasp  of  bis  understanding, 
"  or  the  accuracy  of  nice  rcwarch  with  whJcli  he  could  (iring  it  to  bear 
"  upon  the  most  tniniLte  olytcia  of  invcMigaticin.  I  furyet  nfwhom  it  was 
"  said,  that  bis  uiiod  rcnjcniblcil  the  trunk  o(  an  elephant,  which  can  pick  up 
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alraws,  und  (car  up  In-cu  by  thv  rxxits.     Mr.  Watt,  in  wime  •Oft,  IM> 

bled  the  grcnteftt  luiJ  most  crIeltrnleJ  of  hin  own  inveutu>u>,ormlHii  •■ 

mr«  at  a  lots  whether  mmt  to  womler  nt  ibe  (tower  oTgnipiiliM  wUk  Iha 

mightiest  objecu,  or  of  handlitifi  tho  most  minute  -,  m)  InEt,  while  imlfciig 

seems  too  luvc  for  its  graxp,  nothing  nccms  too  tuoall  Tor  the  delicac;  of 

it«  touch,  which  can  cleave  roclu,  and  pour  forth  riTcra  from  lh«  bowdb 

of  the  earth,  und,  with  perfect  exactness,  though  not  with  [Tewtvr  a 

'  luhion  the  h<wl  of  a  pin,  or   strike  the  iiiipreM  of  Momc  curtoua . 

Now,  thoHC  who  knew  Mr.  Watt,  had  to  contem|>liUc  a  man  wfaoaa  | 

rotdd  create  such  on  engine,  and  indul^  in  the  movt  abatmav  ^wnl^ 

tions  of  philosojtliy,  utiU  could  at  once  puKfi  from  the  moit  ■aUMt  ■*• 

seurohe*)  of  geolojiy  and  physical  ntitronomj',  the  fonnatioaoroor  (lobi^ 

and  the  klructurc  of  the  universe,  to  the  tnoiiufacturcof  a  needle  or  anal  i 

who  could  diHcuiM,  in  the  uuue  cunveraution,  aihI  with  npial  ncruran.  if 

not  with  the  same  conauminatc  skill,  the  most  forbidding  d«^*ilt  of  an 

'  and  the  elef^nncca  of  clListiicid  literature,  the  most  abnnjtc  branchca  at 

science  and  the  nicetief  of  verhul  criticism. 

"  Tliere  wasone  tjualily  in  Mr. Watt  which  most  bonourabty  du 

'  him  from  too  niaiiv  inventunt.  nod  was  worthy  of  all  imitatioti^l 

'  not  only  entirely  Irce  from  jealousy,  but  he  exerctaed  a  careful  and  . 

'  puloui  Klf-denial,  and  wa<  anxious  not  to  appear,  eren  bjr  accidenf,  aa 

'  sppronriiitinf!  to  himself  that  which  he  thougnt  belonged  to  ocheriL     I 

'  have  lit-ard  him   refuse  the  honour  universally  ascribctl  to  him,  o^bdng 

'  the  inveiuor  of  the  »laun  cu^nc,  and  call  himself  simply  ita  lanawtf  t 

'  though,  in  my  mind,  to  doubt  his  ri^ht  to  that  hoi>our,  would  be  at  ioa^ 

curate  aa  to  queetion  Sir  Isaac  Newton's  cluim  to  his  grtaieal  itJM  oniiM. 

because  l>eiicarte3  in  niatheniaiics,  and  (ialileo  in  astroDoaij  and  n»- 

chanics,  had  preceded  hmi  i  or  to  denv  the  mcriu  of  hb  illoKrioaa  aae- 

ccssor,  because  gulvanism  was  not  his  discovery,  thoufrh,  before  his  timt, 

it  had   reiiiuiued  ua  useless  to  vciencc  as  the  mstruincnt  called  a  Mean 

engine  was  tu  the  art.s  before  .Mr.  Watt.    The  only  jcaloiuy  I  have  known 

him  to  betray,  was  with  rctqtcct  to  others,  in  the  nice  adjuctment  he  was 

food  of  giving  to  the  claims  of  inventors.     Jufetlv  prinng  tiTimriBff  (fi»- 

covery  above  all  other  possessions,  he  deemed  tiic  title  to  tt  ao  tmmi, 

that  ^ou   might  hear  him  arguing  by  the  Itour  to  settle  disputed  ri^t>; 

and   if  you   ever  pcrceivcil  nia  leniper  nifflcd.  it  was  when  one 

invention  was  churned  bv,  or  given  to  another  ;  or  when  a  clumaj  l 

tion  pressed  ufion  himseU  that  which  he  kiKw  to  be  not  hit  om." 


In  the  preface  to  the  Moncutery  Sir  Walter  Scott  ipe«)u  of 
Watt  in  tlte  following  terms :  — 

"  There  were  assembled  about  half  a  score  of  our  ttorthem  Ughta.  *  * 
'  AnoAtX  this  company  stood  Mr.  Watt,  tbe  man  wboar  genius  discoT««d 
■*  the  tacona  of  multiplying  our  national  rcaoureca  to  a  decree.  periu|«. 
*  even  beyond  his  own  Nlu|>endotta  powers  of  calculation  and  comtMnatioa: 
*"  bringing  tlic  treasures  of  the  abysa  to  tbe  aunmii  of  tbe  oarth  —  gfrtl^ 
**  the  neble  armof  duu  the  moaientura  of  an  Afrito —  conunandiM  maai^ 
"  IwUms  tD  arise  as  the  rod  of  the  prof)bet  |irudur«d  water  in  the 
"  desert  —  affording  the  means  of  dispensing  with  that  time  and  bdc  vtdck 
"  wail  for  no  man  —  and  of  aailii^  without  that  wind  wUdl  diiad  ifat 
**  commaiul  and  threats  of  Xerxes  himself,  lliis  potent  commander  of  the 
**  clnnents  —  litis  abridgerof  lime  and  s[micc —  this  magician,  whose  cluwdf 
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**  nuchioerj  bu  produced  a  change  on  the  world,  tbe  effecu  of  which,  cx- 
"  tnordnuiry  u  cbcy  are,  arc.  pvrhflpK,  only  now  bcf^nning  to  be  felt  — 
"  was  not  oa\j  tbe  most  profound  ttijin  of  ncience  —  llic  most  successful 
**  combiner  of  |M>wers,  mid  c^ilculalor  of  numbers,  ah  ndapted  to  practicul 
"  purpoecJi — was  not  only  one  of  the  most  gcttcrally  well  infonncd,  but  one 
"  of  the  best  and  kindest  of  human  bdags. 

"  There  he  stood,  surrounded  by  the  little  band  I  have  mcnliaimi  of 
**  iMftheni  IttcTBti,  men  not  1cm  tcnnciouis,  generally  spealiiiig,  of  their  own 
"  &ine  and  (heir  own  opinions,  than  the  nnliunul  rrgimcntH  arc  supposed 
**  lo  be  jealodA  of  llic  high  clianircer  which  they  have  won  upon  service. 
*'  MethiokA  I  yet  flee  and  hear  what  I  xhalL  never  see  or  hear  agdn.  In 
**  bin  ei^ty-MCond  year,  the  alert,  kind,  benevolent  old  man,  had  his 
"  attention  alive  to  ercry  one's  question,  his  information  at  every  on«^s 
"  command. 

"  Hu  tidentii  nnd  fkncjr  overflowed  on  every  .tultiL-ct.  One  gentleman 
"  wa*  a  deep  philologist  —  he  talked  with  him  on  the  origin  of  the  nlpliDbct, 
**  as  if  he  bad  been  coeval  wilhCndmus;  another  a  celebrated  criiic  — you 
**  Tould  bare  swd  the  old  man  had  studied  political  economy  and  lielle-s 
**  lettres  all  bis  life.  Of  science  it  is  uuiicccssury  to  speak — it  was  his  cntn 
**  dbringtibhed  walk.  And  yet.  Captain  Cliitlcrbuck,  when  he  spoke  with 
**  voor  countryman,  Jedaliah  Cleiahbotham,  you  would  huvc  sworn  he 
"  luul  been  coeval  with  Claverscand  Unrley,  with  the  persecutors  imd  per- 
"  aecuted,  and  could  number  erery  shot  the  dragoons  hod  fared  at  tlic 
*•  luxttive  Covenanters.  In  fact,  we  discovered  that  no  novel  of  the  lesuit 
**  cclcbritr  escaucd  his  perusul,  nnd  that  the  gifU'd  man  of  science  was  as 
*'  much  audictetl  tu  the  pn>diictions  of  yoitr  uiitive  country,  in  other  words, 
"  aa  shameless  and  obstinate  a  peruitcr  of  novels,  as  if  he  had  been  a  very 
"  milliaer's  apprentice  of  eighteen.** 

In  the  Edinburgh  newspaper,  called  the  Scotsman,  of  tbe 
4th  September,  1819,  immediately  after  the  decease  of  Watt, 
the  following  sketch  was  published  from  tlie  pen  of  Lord 
JelTiey :  — 

"  This  name  fortunately  needs  no  commemoration  of  our»  ;  for  he 
••  that  bore  it  survived  to  see  it  crowned  with  undispuieti  and  urenvied 
"  booour*  :  and  man^  generations  will  probidilj  p:lhm  away  before  it  ahull 
"*  have  gathered  'all  its  fame'  Wc  have  ftaid  that  Mr.Wutt  wus  the  great 
"  m/rronr  of  tlie  stcflcn  eni^nne;  but,  in  truth,  as  to  all  that  in  adiriirvblc 
**  in  its  structure,  or  vast  in  its  utility,  he  should  rather  be  descrihod  a-i  itb 
"  mvenior.  It  was  by  his  invcntiotLs,  that  its  action  was  so  regulated  as  to 
**  make  it  capable  of  being  applied  Co  the  finest  and  most  delicate  utaiiu- 
"  ficturcs,  and  its  power  &o  increased,  as  to  set  weight  and  solidity  at  do 
"  fiance.  By  his  admirublc  contrivance,  it  has  become  a  thing  stupendous 
■•  alike  for  it*  force  and  its  flexititlitv  —  for  the  prodigious  power  which  it 
"  can  exert,  and  the  ease.  an<l  precision,  and  ductility  with  which  it  can  be 
**  vairied,  distributed,  and  apnlicd.  The  trunk  of  an  cli^phiiiil,  thut  can 
"  pick  up  a  pin  or  rend  an  oax,  is  as  nothing  to  it.  It  can  engrave  a  seal, 
**  and  crush  masses  ofobdunitc  metal  before  it  — draw  out,  without  break* 
"  ing,  a  thread  as  fine  as  gomamer,  and  lifl  a  shfp  of  wur  like  a  bauble  in 
"  the  aJr.  It  can  embroider  nioslin,  and  forge  anchors  —  cut  steel  into 
"  ribands,  artd   im|>cl  loaded  vessels  against  the  fury  of  the  wind's  niul 
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"  II  would  be  difficult  to  eMiiD«t«  tlic  value  of  the  ben«fiu  wludi  i 
inventions  have  conferreit  upon  this  country.     There  u  no  bnndi  afi 
iDiiustrv  timt  has  not  been  indebted  lo  then  ;  and,  to  bU  the  BHWt  a 
tcria),  iliev  hnvc  not  only  widened  iiioKt  niKgni&'cntly  the  field  of  ilf  i 
exertions,  but  niultiplicd  n  tbousand  fold  the  anHHUit  uf  jt^  |in><liictioM*j 
It  IH  our  imjirurcd   st<niin  cn^ne  thiit  lias  fuugbt  the  luUtlen  of  Kufu^ 
and  csallcd   nnd   utBtiiined,  uirotuh   the  late  tretDcndou*  coatest,  tkfj 
politiciil  grcntncfls  or  onr  Land.     It  is  the  same  gnat  powor  whidi  ■»*] 
eoahlea  lu  to  ^miv  the  interest  of  our  debt,  and  to  oyuauio  the  inluaDB' 
itmggle  in  whicfi  we  arc  still  enpai-cd  (1819),  with  the  drill  and  ca|irtil  vt\ 
countries  It-3s  u|)jm-«sed  witb  taxatiuti.     But  tlivw  are  poor  sod  tiarroir  [ 
views  of  its  iiii(iorlHn(.-<r.     It  has  increased  inde&nildjr  the  oian  afhuaia 
comfortfl  and  cnjoymctits.  ami  rendered  chenp  and  ucccssible  all  tirer  thSj 
world  the  utnterialt  of  wealth  »nd  [iroHnerity.     It  bad  amed  tbafciMl 
haiid  of  nuin,  in  fihorl,  witb  a  power  to  which  no  bmits  cao  be  BiaJgnad] 
complvtfxl  ibe  doounion  of  mind  over  the  most   refractory  qualhtn 
'  itialtcr;  and  laid  a  aurc  foundation  for  all  thoao  future  miradea  of  l 
'  eiuuiic  power  which  arc  to  aid  and  reward  the  laboun  of  after  {Ml 
'  lions.     It  ii  to  the  geniuti  of  one  nun,  too,  that  all  this  is  BWnW  owing  1 1 
'  and  certainly  no  man  ever  bestowed  such  a  gift  on  liis  kind,     "nie  bif  > 
iitg  is  not  only  universal,  but  unbounded ;  and  the  fikblnl  ioventon  oT^ 
the  pluugli  and  the  loum,  who  were  ddlicd  by  the  erring  gratitude  uf  Ihor 
rude  canlciTip<>rnrir»,  conferred  Ii»s   important  benefits  on  manlund  than 
'  the  inventor  of  our  present  steam  engine. 

*'  This  will  be  the  fame  of  Watt  with  future  ^nerations  i  and  it  ia 
'  sufficient  for  his  race  and  his  country.  But  to  those  to  wbon  be  : 
'  immediutcly  belonged,  who  bved  in  bis  society  and  rmoycd  bis 
'  TeraatioHt  it  is  not.  perhiipji,  the  chameter  in  which  he  will  be  most  fr6> 
'  quently  recalleil — mont  deeply  lamented  — or  even  dok  hit;bl<k  ad- 
'  mired.  Independently  of  his  great  attainments  in  mechanics,  Mr.  Waa 
'  WAS  an  catntonlimiry',  and  in  many  respects  a  wonderful  mao.  I^v- 
'  baps  no  individuid  in  his  age  possessed  so  much  and  sudi  varied  aad 
'exact  inforuiatiun — hud  read  so  much,  or  rauiMntxrrcd  what  he  ttaJ 
'  mttd  BO  accurately  and  well.  He  had  infinite  quiirkncd  of  apprciie» 
'  stoD,  a  prodiaous  ii>einory,  and  a  certain  rectifying  and  aMilhiwItiini 
'  |K>wcr  of  UDawntanding,  which  extracted  something  preeiou*  oat  of  m 
'  that  was  prevented  to  it.  His  utorcH  of  miscellaneous  knuwted^  w«e 
'  immense ;  nnd  yet  less  a&tontahin^  than  the  command  he  had  at  all  OMttf- 
'  over  than.  It  Mviued  ilh  if  every  subj<.-ct  that  wa^  eaaually  atanad  b 
'  conversation  with  him,  hiul  t>ccn  that  which  be  hati  U.-en  Inst  occt^Ned  in 
'  studying  and  exhausting  ;  —  such  wtis  the  co|iiuu»iiesi>,  the  preciaio«,  and 
'  the  admirable  clearness  of  the  information  whieb  he  uourod  out  upos  '' 
'  without  effort  or  hesitaiion.  Nor  was  this  promptitude  and  rmnpai 
'  of  knowledge  confined  in  any  d^^ree  to  the  studies  connected  with  his 
'  ordionry  pursuits.  That  he  should  have  bccti  minutely  and  rxtcniivcly 
'  skilled  m  chrroUtry  and  (he  arts,  and  in  nio»t  of  the  Imuichcv  of  pfay- 
'  steal  science,  miftht  perhaps  have  been  coi\jeetured ;  but  it  coiiU  aot 
'  Iwve  been  inferreil  Irom  his  usual  occupations,  aod  probably  u  not 
'  l^enerally  known,  that  he  wu;*  curiously  learned  in  many  branches  of  aa- 
'  ti(|uity,  metapbvsics,  medicine,  and  etymology;  atul  iirrfecdy  nt  boa» 
'  in  all  tlie  details  of  architecture,  inusie,  and  law.  lie  wm  well  »c 
'  quaintcd,  too,  with  most  of  the  modem  languages,  aod  familiar  with  tbeir 
'  most  recent  literature.  Nor  was  it  at  all  extraonhiuu'y  to  hear  the  graft 
'  mechanician  ami  ciiipiKcr  dctiiiling  and  ripoundiiif.  For  hours  tngcthcr. 
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"  the  metaphysical  theories  o(  the  Oerman  logicians,  or  criticinng  the 
**  mcasdres  or  tlic  matter  of  the  Oerman  poetry. 

"  Hi»  Mloni-shiiig  memory  was  nided,  no  ilouttt,  in  a  gront  memiure,  by 
"a  utill  hij^her  and  rnrer  faculty  —  by  hw  power  of  digesting,  ancl  ar- 
"  mn^ng  ia  its  proper  place,  all  the  mfomnation  he  rpi't^iveJ;  nii«l  uf 
"  casting  aiitlc  and  rtOcctini*,  as  it  wore  tnHtinctivei y,  vhaterer  wok  worlli- 
**  Ira  or  homateriaJ.  Every  conception  that  was  mif^escnl  to  his  miml 
"  Kcraoil  iurtantly  to  take  its  place  among  its  other  rich  furnilure,  and 
•*  to  be  condensed  info  the  sinnlli-st  und  most  ironvenicnt  form.  He 
"  never  appeared,  therefore,  ro  be  at  all  iiKuii!ilM.Ted  or  pertilcxeil  with 
**  the  tefbtage  of  the  dull  books  he  pcniKed,  or  lo  the  idle  inlk  to  wliioh 
"  he  listened  ;  hut  to  have  at  once  extracted,  by  a  kind  of  intellecTu.tl 
*■  alchetny.  all  that  was  worthy  of  attention,  and  to  ha%'c  reduced  it,  for 
**  his  own  use,  to  it«  tn;e  viiiiic  and  to  its  simplest  form.  And  thua  it 
"  ofkcn  happened,  that  a  grntt  deal  more  wns  k-arne^l  from  his  liripf  and, 
"  vigorous  account  of  the  theories  nnd  nrgiiineiits  of  tedious  writun*.  thnn 
"  an  ordinary  student  could  ever  have  derived  frnm  the  most  painful  study 
**  of  the  orij;innl!i;  and  that  errors  and  absurdities  ticcfime  manifest  from 
"  the  mere  clearness  ami  p!Binncti.s  of  his  litatentent  of  them,  which  might 
"  have  deluded  and  perpk-ved  most  of  his  huarcrii  without  that  invalnable 
'  Bni^tance. 

I**  [t  is  ne<>dloss  to  say  that,  with  those  vast  roources,  his  conversation 
'was  at  all  times  rich  and  in^tnurtive  in  no  ordinary  degree  :  tmt  it  was, 
if  POB^'hle,  still  more  plensinf;  than  wise ;  and  had  all  the  charms  of  fa> 
"  nunariiy  with  all  the  substantial  tresMirea  of  knowledge.  No  mau  could 
**  be  more  (tocia!  in  his  spirit,  less  usimmin^  or  fustidious  in  hLs  manners, 
"  or  loore  kind  and  imhilgent  townnl  nil  wlm  iip[»ronche<!  hiin.  He  rather 
"  liked  lo  talk, — at  least  in  his  latter  years  ;  but  though  he  took  a  mn- 
•*  fliderable  share  of  the  conversation,  he  rarely  tugSMtod  the  topics  on 
**  which  il  was  to  turn,  but  readily  and  quietly  took  up  whatever  was 
*'  presented  by  those  around  hirr.  and  astonished  the  idle  and  barren 
"  propoundent  of  an  ordinary  theme  by  the  (rciuures  which  he  drew  from 
"  the  mine  they  ha*l  unconitcioualy  ofiened.  He  generally  seemed,  indeed, 
•'  to  hare  no  choke  or  predilection  for  one  subject  of  discoLrse  ratJier 
•*  than  another  ;  but  allowed  his  miml,  like  a  great  cyclopwdia,  to  be 
"  opened  It  any  letter  his  aeRociates  mii^ht  choose  to  turn  up,  und  only  en- 
*  douroured  to  select  from  his  inexhaustible  storcR,  what  might  behest 
"  adapted  to  the  taste  of  his  present  hearers.  As  to  their  capacity  he 
"gave  hininetf  no  trouble;  und  indeed  suvU  wils  HIh  Htitgultir  talent  fur 
**  making  all  things  ptain,  clear,  nnd  intelliiiiliU',  lliat  scarc<.-ly  any  one 
"could  be  aware  of  such  a  dt-ficioncy  in  his  presence.  His  talk,  too, 
"  though  overflowing  with  information,  hnd  no  resemblance  to  lecturing  or 
"  aolenia  discoursing,  but,  on  the  contrary,  was  full  of  collotjuiul  i^pirit  and 
**  pleasantry.  He  had  a  certain  quiet  and  grave  humourwhich  ran  through 
"  most  of  his  conversation  ;  and  a  vein  of  temperate  jocularity,  which 
"  gave  infinite  icst  and  effect  to  the  conilenscd  and  inexhaustible  inform- 
•*  etton  which  formed  ilB  main  staple  and  characttTislic.  There  was  a 
"  little  air  of  aflecled  tejitine.ss,  am!  a  lone  of  prctendLiI  rebuke  and  con- 
"  trailiction,  with  which  he  used  to  address  his  younger  friends,  that  was 
"  always  felt  by  them  as  an  endearing  mark  of  his  kin(lne*!9  und  fo- 
"  miliarity;  nnd  prized,  accordinnly,  far  beyond  all  the  solemn  complinicuts 
*•  that  ever  proceeded  from  the  lipsof  nuthority.  His  voice  was  deep  and 
"  powerful,  thougii  he  cotiunutily  spoke  in  ii  low  ami  somewhat  mono- 
"  tonouH  tone,  which  harmonised  iubuLndvly  with  the  weight  and  brevity  of 
"  Iwa  obacrvationa.  ami  set  olf  to  die  greatest  advantage    the  pleasant 
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"  aiiecdoiea,  which  he  delivered  viih  the  nme  grave  brow,  and  ihe  Mme 
"  ctiim  Kinilc  pluyinjr  wbcrLy  on  his  lips.  There  wai  nothiitt  of  cAirt« 
**  iatlnxl,  or  iinpaticticc.  any  more  tl»ii  of  pride  or  Icvhy.  in  bis  demcBnoor; 
"  iukI  tlicrc  H'i»  n  fmer  ezprcsak>n  of  reponnj;  strength,  uid  tnJld  fctf- 
"  possession  in  his  manner,  than  we  ever  recollect  to  tuve  met  with  n 
"  any  other  person,  lie  Imd  in  his  character  the  utmost  nbhorrencc  far 
**  all  sorts  ul  furarurtliicsB,  imradL-,  and  pri-tcnnons ;  and,  indeed,  never 
"  Taflod  to  put  nil  »nch  impoitiiircs  out  of  coiinti-iuincc,  by  the  n>.tnly 
"  plninncjiii  ond  honett  inirepiiiicy  of  hh  lanj^nge  ami  ilrportment. 

"  In  hid  temper  and  dispohition^,  ho  vraa  not  only  kind  and  sffcctionBtc, 
"  but  f;cncroiis,  and  considcnitc  of  the  tcciin^  of  all  around  him ;  and 
"  gave  the  most  liberal  tuwlstancc  tmd  encourugeincnt  to  all  young  pcrsooi 
"  who  showed  any  indtcnliuTDi  of  tslcnt,  or  applied  to  bim  for  pntrooage 
"  or  lul^icc.  His  health,  which  wiut  delioilc  from  bis  youth  upwards, 
"  a€t*nied  to  become  firmer  an  he  advanced  in  yeara  ;  and  he  prescrrcd, 
"  up  almont  to  the  last  moment  of  his  existence,  not  only  the  full  com* 
"  mand  of  his  exirfloriiiiiary  intellect,  but  nil  the  alacritr  of  spirit  and  the 
"  social  caicty  which  hul  illumined  tiis  happiest  day^  '^lix  fncnds  in  this 
"  pun  of  the  country  never  saw  him  more  full  of  intellectual  vigour  and 
"  collotjuiul  uniiDiiCiun  —  never  luvrc  dcliglitfiil  or  mure  tnitiructif  c  —  than 
"  in  hib  lasc  mit  to  Scotland  in  aulnnin  1SI7.  Indeed,  it  waa  after  that 
"  time  that  he  applied  htniself,  with  all  the  ardour  of  early  life,  to  the  in- 
"  ventioD  of  a  maehinc  for  mechanically  copying  all  sorts  of  sculpum 
*'  and  statuory  ;  »nd  tlistriliuted  nmong  bis  friends  sotnc  of  its  cmrliot 
"  pcrformnnccs.  as  ihc  productions  of  a  young  artist  jiint  entering  oa  Itta 
"  cighty-lliird  year. 

"  This  liappy  and  useful  life  cnnic,  at  laat.  to  a  gentle  close.  lie  had 
"  suffered  some  inconvenience  through  the  summer  ;  but  was  not  aerioailj 
"  indisposed  till  within  a  few  weeks  of  his  death.  He  then  becaow 
"  perfectly  aware  of  tiic  event  which  was  iipproaching  j  and  with  his  ukual 
"  trnnciuiHily  and  benevolence  of  nature,  seemed  only  anxious  to  pcnnt  out 
**  to  the  friends  around  him,  the  many  sources  of  consolation  woicb  wore 
"  afforded  by  the  circumstances  under  which  it  was  about  lo  take  place. 
"  He  expn-ssed  bis  sincere  pmtituJc  to  Providence  for  the  length  of  daya 
"  with  which  he  bad  but-n  blcBscd.  ond  bis  exemption  from  moat  of  tae 
"  infirmities  of  age  ;  as  welt  an  fur  the  r«1iii  niiil  checiful  evening  of  life 
"  tbut  he  bad  bcoi  permitted  to  enjny.  after  the  hnnounkble  labours  of  tbc 
"  day  hud  been  concluded.  And  thus,  full  of  years  and  honours,  in  all 
"  calmness  and  tniiiquillity,  he  yielded  up  his  soul  without  pang  or 
"  struggle;  and  passed  from  the  bosom  of  bis  family  to  that  of  bis  God.*" 

The  English  nation  has  ever  .shown  itself  ioscusiblc  to  the 
claims  of  genius  and  high  intellectual  endowments,  except 
where  the  results  liavc  been  brought  directly'  to  bear  in  states- 
manship or  war.  Of  this  inability  to  appreciate  the  hig'heftl 
order  of  intellectual  excellence  Watt  ulTords  a  striking  ex- 
ample. "When  it  was  suggested  to  the  British  govcmment  N 
by  those  better  capable  than  that  government  was  of  appre- 
ciating the  genius  of  this  great  man,  that  the  nation  would 
do  iuclf  honour  by  erecting  a  splendid  monument  at  his  own 
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cost  to  him  to  whom  it  was  so  deeply  indebted  for  the  exteti' 
sion  of  its  resources  and  the  augmentation  of  its  power,  the 
reply  was  that  such  a  measure  could  not  be  adopted  as  it 
might  he  drawn  into  a  precedent  in  like  cases  thereafter! 
A  precedent  in  like  cases  ! !  When  will  the  time  arrive  when 
the  world  will  produce  a  like  case  ?  The  monument  which 
has  been  erected  in  Westminster  Abbey  was  in  fact  raised  by 
private  subscription,  the  nation  having  thus  stigmatised  itself 
through  the  act  of  its  government  with  the  everlasting  dis- 
grace of  refusing  the  honour  proposed  lo  iL  The  utiier  statues 
and  monuments  which  have  been  erected  to  this  great  man, 
have  been  for  the  most  part  raised  by  the  filial  piety  and  the 
never-dying  affection  and  veneration  of  the  present  Mr.  James 
Watt.  A  statue  has  been  presented  by  Iiim  to  the  Univer- 
sity of  Glasgow,  and  placed  in  one  of  the  halls  of  that  college. 
The  inhabitants  of  Greenock  have  also  erected  a  marble  sta- 
tue of  Watt,  for  which,  and  for  a  library,  a  building  has  been 
erected  at  the  expense  of  about  3,500/.  which  has  been  de- 
frayed by  Mr.  James  Watt.  A  colossal  bronze  statue  has 
been  erected  on  a  handsome  granite  pedestal,  standing  at  one 
of  the  corners  of  George  Square,  Glasgow.  The  monument 
in  Westminster  Abbey,  erected  by  the  subscription  raised  at 
the  public  meeting  already  alluded  to,  is  a  colossal  statue  of 
Carrara  marble,  by  Cliautrcy. 

Watt  was  elected  a  fellow  of  the  Royal  Society  of  Edin- 
burgh in  1784;  of  the  Royal  Society  of  London  in  1785; 
a  member  of  the  Batuvian  Society  in  1787 ;  and  a  corre- 
sponding member  of  the  Institnt  of  France  in  1808.  The 
degree  of  Doctor  of  Laws  was  conferred  upon  him  by  the 
University  of  Glasgow,  in  1806;  and  in  1814,  the  highest 
scientific  honour  which  can  ha  attained  hy  a  philosopher,  was 
conferred  on  him  by  the  Academy  of  Sciences  of  the  Institut 
of  France,  who  nominated  him  one  of  its  eight  foreign  asso- 
ciates. 

On  the  pedestal  of  the  monument  in  Westminster  Abbey 
is  engraved  the  following  inscription  from  the  pen  of  Lord 
Brougham :  — 
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LOCOMOTIVE    ENGINES    ON    RAILWAYS. 


«-C01«I>ENSlNG    ENGINES.  —  T.KfPOI.U  S     ENGINE.  —  TBEVKTHICK     AND 

flVlAN. KKFECTS  01*  RAILWAY  THANSl'OHT. —  HtSTOBV  OP  THE  LOCO. 

riVB  ENGI.HB,  —  BLENKINSOP.  —  MliSSBS.  CIIAPKAS.  —  WALKING  Bit- 

I. MR,  STKniENSON's  ENfitNK.t  AT  KIUJMJWOIITH.  —  LIVERfOOL 

"^Aini  HANCnESTEH  BAILWAV. — '  EXfERIHENTAL  TRIAL. TEIE  ItUl'KRT. 

THE    SANIJt'ARRIL. THE   NOVELTV.  —  SURMEgLENT    m T-ROVEMENT* 

IN    THE    LU€OMOTIVU  BNUINE. —  LAKUNER'S   KXI'KRIHENTS  IN    I&3S. — 

ADOPTION  OP  BRASS   TLBE5.  —  MR.  HOOTH's    REPORT. — -UETAILED   DK- 

SCBIPTION    OP   TilE    MOST    lUPRDVED   LOCOMOTIVK    EN-.IMIS, —  PaWER 

I  or   LOCOMOTIVE   ENGINES.  —  EVAPORATION    OF   UniLF.BS. — LARD.NER'S 

IXXPEIIIMKNTll  IN  1B38. RESISTANCE  TO  RAILWAY  TRAINS. RESTRIC- 

\ViOfS  OH  GRADIENTS. COMPENSATINU  EPPECT   OP   GRAOIBNTA.  —  EX- 

PBRIMENT    IVITU    THE     HEdLA.  —  UETIIODit     OF    SilRMOUKTlNG    STEEP 
IKCUHATION.H. 

180.)  In  the  various  moflificationsof  the  steam  enj^'ne  which 
we  have  hitherto  considered,  the  pressure  introduced  on 
one  aide  of  the  piston  derives  its  effieacy  either  whoUy  or 
partia)ly  from  the  vacuum  produced  by  condensation  on  the 
other  side.  This  always  requires  a  condcu.«ung  apparatus, 
and  a  constant  and  abundant  supply  of  cold  water.  An 
engine  of  tJiia  kind  must  therefore  neceiumrily  have  consi- 
derable dimensions  and  weig^hi,  and  is  inapplicable  to  uses 
in  which  a  small  and  light  machine  only  is  admissibi  ■.  If 
the  condensing  apparatus  be  dispensed  willi,  the  pistdi  will 

Iways    be   resisted    by   a   force    etjiial    to    tl 
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pressure^  and  thr  only  part  of  tho  stram  pressure  whidi  wi 
be  available  as  a  mo\-jng  power,  is  that  part  by  which  i 
exceeds  the  pressure  of  the  atmosphere.  Hence,  in  engin 
which  do  not  work  by  condensation,  steam  of  a  much  highe: 
pressure  tliau  that  of  the  atmvspherc  is  iudispensably  nece*- 
sort',  and  such  engines  are  therefore  called  hi^h-pream 
engines. 

Wu  arc  not,  however,  to  understand  that  every  engi 
in  which  steam   is  used  of  a   pressure   exceeding  that 
the  atmosphere,  is  whnl  is  meant  by  an  hiffh-presture  en^ 
for  in  the  ordinary*  engines  in  common   use,  constructed 
Watt's  principle,  the  safety-valve  is  loaded  with  from  S 
5  lbs.  on  the  s<tuarc  inch  ;  and  in  Wooirs  engines,  the  ste 
is  produced  under  a  pressure  of  40  Ibit.  on  the  stjuare  idcSx. 
These  would  therefore  be  more  properly  called  ctmdennim^ 
engines  than  low-pressure  engines;  a  term  quite  inapplicable- Co 
those  of  Woolf,     In  fact,  hy  high-pre$»ure  etu/ine*  h  mtai*^ 
engines  in  which  no  vacuum  is  produced,  and,  thereforr,  ic 
which  the  piston  works  against  a  pressure  aqual  to  that  of 
the  atmosphere. 

In  these  engines  the  whole  of  the  condensing  apparatu*i 
viz.  the  cold-water  cistern,  condenser,  air-pump,  cold-water 
pump.  Sec,  are  dispensed  with,  and  nothing  is  relainnl 
except  the  boiler,  cylinder,  piston,  and  valves.  Conscquentli, 
such  an  engine  is  small,  light,  and  cheap.  It  is  portablr 
also,  and  may  be  moved,  if  necessary,  along  with  its  load, 
and  is  therefore  well  adapted  to  locomotive  purposes, 

(181.)  High-pressure  engines  were   one    of  the  earlint 
forms   of   the  steam   engine.      The    contrivance,   which  i» 
obscurely  described  in  the  article  already  quoted  (".)»  tram 
the  Century  of  luventiuus,  is  a  high-pressure  engine ;  for 
the   power    there    alluded   to  is  the  elastic   force   of   steMB 
working  against  (he  atinosphcric  pressure.     Newromeiif  ife 
1705,  applied  the  working-beam,  cylinder,  and  piston  to  the 
atmospheric  engine;   and  Leupold,  about    17S0,  comtniwd 
the  working-beam  and  cylinder  with  the  high-pressure  pnD> 
ci pie,  and  produced  the  earliest  high-pressure  engine  worked 
by  a  cylinder  and  plxlon.     'Die  rolliming  is  a  descriptioa  of 
Leupold's  engine :  — 
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A  {Jg,  82.)  is  the  boiler,  with  the  furnace  benealli  it ;   c  c 
■n  two  cylinders  with  solid  pistons  F  p',  connected  w-ith  the 


Fig.»a. 


working-beams   b  b',  to  which  are  attached  the  pump-roda 

^  1',  of  two  forcing  pumps  f  f',  which  communicate  with  a 

E^sat  force-pipes;  o   is  a  four-tcay  cock  (66.)  already   de- 

•cribed.     In  the  position  in  wltich  it  stands  in  the  figure,  the 

'team  issues  from  below  the  piston  p  into  the  atmosphere, 

■nd  the  piston  is  dcsc^Tnling  by  it«  own  weight ;  steam  from 

liie  boiler  is  at  the  same*  time  pressing  up  tiic  piston  K,  with 

&  force  equal  Lo  the  difierence  between  the  presstire  of  the 

X(am  and  thiit  of  the  atniosphtre.     Thus  the  piston  R  of  the 

forcing-pump  is  being  drawn  up,  and  the  piston  p*  is  forcing 

ibe  piston  b'  down,  and  thereby  driving  water  into  the  forc»- 

r  St 
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pipe  8.  On  the  arrival  of  tlie  pi»Lon  p  at 
the  bottom  of  the  cylinder  c,  and  P*  at  the 
top  of  the  cylinder  c',  the  position  of  the 
cock  is  clianged  as  represented  in  Jig.  83. 
The  steam,  which  has  just  pressed  up  the 
piston  p',  is  allowed  to  escape  into  the  atmo- 
sphere, while  the  steam,  passing  from  the 
boiler  below  the  piston  p,  presses  it  up, 
and  thus  p  ascends  by  the  steam  pressure,  and  p*  descends  by 
its  own  weight.  By  these  means  the  piston  R  is  forced  down, 
driving  before  it  the  water  in  the  pump-cylinder  into  the 
force-pipe  s,  and  the  piston  r'  is  drawn  up  to  allow  the  other 
pump- cylinder  to  be  re-filled;  and  so  the  procew  U  coa- 
tinued. 

A  valve  is  placed  in  the  bottom  of  the  force-pipes,  to  pre- 
Tent  the  water  which  has  been  driven  into  it  from  returning. 
Tins  valve  opens  upwards;  and,  consequently,  the  weight  of 
the  water  pressing  upon  it  only  keeps  it  more  eiTcctually 
closed.  On  each  descent  of  the  piston,  the  pressure  transmit- 
ted  to  the  valve  acting  upwards  being  greater  than  the  weig^ 
of  the  water  resting  upon  it,  forces  it  open,  and  an  increased 
quanti^  of  water  h  introduced. 

(182.)  From  the  date  of  the  improvement  of  Walt  until 
the  commencement  of  the  present  century,  nun*randenaiiif 
engines  were  altogether  neglected  in  these  countries.  In 
the  year  180^,  Messrs.  Trevethick  and  Vi\Tan  constructed 
the  first  non-condensing  engine  of  this  kind  which  was  crcr 
brought  into  extensive  practical  use  in  this  kingdom.  A  sec- 
tion of  this  machine,  made  by  a  vertical  plane,  is  represented 
in  Jiff.  S4. 

The  boiler  a  B  is  a  cylinder  with  flat  circular  ends.  "ITw 
fire-place  is  constructed  in  the  followbig  uiamicr  :  —  A  luW 
enters  tiie  cylindrical  boiler  at  one  end ;  and,  proceeding  ish 
wards  near  the  other  extremity,  is  turned  and  rocur%*ed,  so  m 
to  be  carried  back  parallel  to  the  direction  in  which  it  cntefffd. 
It  is  thus  conducted  out  of  the  boiler,  at  anotlier  part  of  the 
same  end  at  which  it  entered.  One  of  the  ends  of  this  tube 
communicates  with  the  chimney  E,  which  is  carried  upwanb 
as  represented  in  the  figure.     The  other  moutli  is  fumishrd 
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wiUi  a  door;  and  in  it  is  placed  the  grate,  whicli  is  formed  of 
horizontal  bars,  dividing  the  tube  into  two  parts;  the  upper 


Fig.  81. 


part  forminjf  the  fire-place,  aud  the  lower  the  ash-pit.  The 
fuel  is  maintained  in  a  state  of  combustion,  on  the  bars,  in 
that  part  of  the  tube  represented  at  c  d  ;  and  the  flame  is 
carried  by  tlie  draught  of  tlie  chimney  round  the  curved  flue, 
and  issues  at  e  into  the  chimney.  The  flame  is  tlius  conducted 
through  the  water,  so  as  to  expose  the  latter  to  as  much  heat 

'     as  possible. 

A  section  of  the  cylinder  is  represented  at  P,  immersed  in 
the  boiler,  except  a  few  inches  of  the  upper  end^  where  the 

(  four-way  cock  g  is  placed  for  regulating  the  admission  of 
the  steam.  A  tube  is  represented  at  ii,  which  leads  from  this 
four-way  cock  into  the  chimney;  so  that  the  xvaste  steam, 
afler  wurklii'-;  tin;  piston,  is  carried  uQ'  tliruugh  this  tube,  and 
passes  into  the  chimney.  The  upper  end  of  tlte  piston-rod 
is  furnished  with  a  cross-bar,  which  is  placed  in  a  direction 

,     at  right  angles  to  the  length  of  the  boiler,  and  also  to  the 
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piston-rud.  Tliis  bar  is  guided  iu  iu  motion  by  tdiding  on 
two  iron  perpendicular  rods  fixed  to  the  sides  of  the  boiler, 
and  parallel  to  each  olher.  To  llie  ends  of  this  cross-bar  are 
joined  two  connecting  rods,  the  lower  ends  of  which  work 
two  cranks  fixed  on  an  axis  extending  across  and  bcncatli 
the  boiler,  and  inuncdiatoly  under  the  centre  of  the  cylinder. 
This  axis  is  sustained  iu  bearings  formed  in  the  legs  which 
support  the  boiler,  and  upon  its  extrcniily  is  fixed  the  fly- 
wheel as  represented  at  B.  A  larj^-toothwl  wheel  is  placed 
on  this  axis;  wliich,  being  lurncd  witli  the  cranked  axle, 
communicates  motion  to  other  wheels;  and  through  them,  to 
any  machinery  which  the  engine  may  he  applied  to  move. 

As  the  lour-way  cock  is  repn-ticnted  iu  the  figure,  the 
steam  passes  frojn  the  boiler  through  the  curved  passage  g 
above  the  piston,  while  the  steam  below  the  piston  is  carried 
off  through  a  tube  which  does  not  appear  in  the  figure,  by 
which  it  is  conducted  to  the  tube  H,  and  thence  to  the 
chimney-  The  steam,  therefore,  which  passes  above  the 
piston    presses   it  downwards;    while   tlie   pressure    upwards 

j-'if.  85,      does  not  exceed  that  of  the  atmosphere.    The 

A  piston  will  therefore  descend  with  a  force  de- 
pending on  the  excess  of  the  pressure  of  the 
_,  steam  produced  in  the  boiler  above  the  atmo- 
spheric pressure.  When  the  piston  has  arrived 
at  the  bottom  of  the  cylinder,  the  cock  is  made 
to  assume  the  position  represented  in  ^,  85. 
This  effect  is  produced  by  the  motion  of  the 
piston-rod.  The  bteani  now  passes  from  above 
the  piston,  through  the  tube  n,  into  the  chimney, 
while  the  steam  from  the  boiler  is  conducted  through  another 
tube  below  the  piatuii.  The  pressure  above  the  piston,  in 
this  case,  does  not  exceed  that  of  the  atmosphere ;  while  the 
pressure  below  it  will  be  that  of  the  sU-aui  in  the  bailer. 
The  piston  will  therefore  ascend  with  the  diiFerence  of  thew 
pressures.  On  the  arrival  of  the  piston  at  tlte  top  of  the 
cylinder,  the  four-way  cock  is  again  turned  to  tlie  position 
represented  in^'^.  85.,  and  the  piston  again  descends;  and  in 
the  aame  manner  the  process  is  continued.  A  safety-^'alTe  is 
placed  on  the  boiler  at  v>  loaded  with  a  weight  w,  pru|>or- 
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tionate  to  the  strength  of  the  steam  vrith  n-hich  it  is  proposed 
to  work. 

In  the  cngiaes  now  dettcnbed,  Uiis  valve  was  frequently 
Joadcd  at  the  rate  of  from  GO  to  8U  lbs.  ou  the  square  inch. 
As  the  boilers  of  high-pressure  eniirines  were  considered  more 
hable  to  accidents  from  bursting  than  those  in  which  steam 
of  a  lower  pressure  was  uscd^  greater  precautions  were  taken 
against  such  effecus.  A  second  safety-vaU-e  was  pronded, 
which  was  not  left  in  the  power  of  the  englnc-man.  By  tliis 
means  he  had  a  power  lo  dimiuiah  the  pressure  of  the  steam, 
but  could  not  increase  it  beyond  the  limit  determined  by 
the  valve  which  was  removed  from  his  interference.  The 
greatest  cause  of  danger,  liowever,  arose  from  tlie  water  in 
the  boiler  being  consumed  by  evaporation  faster  than  it  was 
suppUed  i  and  therefore  falling  l»elow  the  level  of  the  tube 
containing  the  furnace.  To  guard  ngainst  accidents  arising 
from  this  circumstance^  a  hole  was  bored  in  the  boiler,  at 
a  certain  depth,  below  which  the  water  should  not  be  allowed 
to  fall;  and  in  this  hole  a  plug  of  metal  was  soldered  with 
lead,  or  with  some  other  metsi,  which  would  fuse  at  that 
temperature  which  would  expose  the  boiler  to  danger.  Thus, 
in  the  event  of  the  water  being  exhausted,  so  that  its  lerel 
would  fall  below  the  plug,  the  heat  of  tiie  furnace  would 
immediately  melt  the  solder,  and  the  plug  would  fall  out, 
affording  a  vent  for  the  steam,  without  allon-ing  the  bailer  to 
burst.  The  mercurial  steum-gauge,  already  described,  was 
also  used  as  an  additional  security.  When  the  force  of  the 
steam  exceeded  the  length  of  the  column  of  mercurj*  which 
the  tube  would  contain,  tlie  mercury  would  be  blown  out, 
and  the  tube  would  give  vent  to  the  steam.  The  water  by 
which  the  boiler  was  repleiiisbed  was  forced  into  it  by  a 
pump  worked  by  the  engine.  In  order  to  economise  the 
heat,  tliis  water  was  contained  in  a  tube  t,  which  surrounded 
the  pipe  h.  As  the  waste  steam,  after  working  tltc  piston, 
passed  off  through  ii,  it  imj>arted  a  portion  of  its  heat  to 
the  water  contained  in  the  lube  T,  which  was  thus  warmed 
to  a  certain  temperature  before  it  was  forced  into  the  boiler 
the  pump.     Thus  a  part  of  the  heat,  which  was  originally 
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carried  from  the  boiler  in  the  form  of  steam,  wm  returnrcl 
again  to  the  boiler  with  the  water  with  which  it  wax  fed. 

It  is  evident  that  cngijics  constructed  in  this  manner  mav 
ha  applied  to  all  the  purposes  to  which  the  condciiniig  en- 
gines are  applicable. 

(183.)  Two  years  after  the  date  of  tlie  patent  of  (his  en- 
gine, its  inventor  constructed  a  machine  of  the  sane  Idnd 
for  the  purpose  uf  moving  carriages  on  railroads ;  and  applied 
it  successfully,  in  the  year  1804,  un  llie  railroad  at  Merthyr 
Tydvil,  in  South  Wales.  It  was  in  principle  ilie  same  aa  that 
already  dcscnbed.  The  cylinder  however  was  in  a  borixontal 
position,  the  piston-rod  working  in  the  direction  of  the  liu 
of  road :  the  extremity  of  tlie  piston-rod,  by  means  of  a  co»- 
necitug  rod,  worked  cranks  placed  on  the  axlctree,  on  which 
were  fixed  two  cogged  wheels :  tliesc  worked  in  others,  by 
which  their  motion  was  communicated  finally  to  cogged 
wheeLi  fixed  on  the  axle  of  the  hind  wheels  of  the  cjuriogv, 
by  which  tliis  axle  was  kept  iu  a  state  of  revolution.  The 
hind  wheels  being  fixed  on  tlic  axlctree,  and  turning  with  it, 
were  caused  likewise  to  revolve ;  and  so  long  as  ihe  weight  of 
the  carriage  did  not  exceed  that  wliich  tlic  friction  of  the 
waa  capable  of  propelling,  the  carriage  would  thus  be 
forwards.  On  this  axle  was  placed  a  fly-wheel  to  contint^ 
the  rotatory  motion  at  the  termination  of  each  stroke.  Tlic  fore 
wheels  are  described  as  being  capable  of  turning  like  the  forv 
wheels  of  a  carriage,  so  as  to  guide  the  vehicle.  Tlie  projc^ 
tors  appear  to  have  contemplated,  in  the  first  instance,  the 
use  of  this  carriage  on  common  roads;  but  that  notion  se«iiis 
to  have  been  abandoned,  and  its  use  was  only  adopted  on  the 
railroad  before  mentioned.  On  the  occasion  of  its  first 
it  drew  after  it  as  many  carriages  as  contained  ten  tons  of  i 
a  distance  of  nine  miles;  which  stage  it  performed  wi( 
any  fresh  supply  of  water,  and  travelled  at  llie  rate  of 
miles  an  hour. 

(184.)  Capital  and  skill  have  of  late  years  Keen  dire«| 
with  extraordinary  energy  to  the  improvement  of  ii 
transport ;  and  this  important  instrument  of  national  wealth 
and  civilisation  has  received  a  proportionate  inipidse.  ESeeU 
are  now  witnessed,  which,,  had  they  been  narrated  a  few  yean 
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ance,  could  ouly  hare  been  aAmUeA  iac 
or  Tolufim  of  romiooe.  W^  caoU  h» 
bilily  of  a  pondeTDus  eoginr  of  iraa,  laaA 
paaaragen,  in  a  trun  of  i  irriigi  ■  of 
nilude,  and  a  lai^  qoantity  of  wter  and  eoal,  tikiag  fi|^ 
from  Mauchcstcr  and  amvin^  at  Limpool,  » ■*■■*—**  of  above 
thirty  miles,  in  little  raore  than  «■  honrf  Aad  y«t  tfcia  li  a 
matter  of  daily  and  afanoat  boori^  oeewnaee.  TW  wagU^ 
of  transport  tlius  attaned  »  oot  loa  wadexftd  thaa  the 
weights  Ixansported.  Ita  capahiKtiea  in  ckb  reapttt  far  tran- 
scend llie  exigencies  even  of  the  two  gnateat  conutidal 
marta  in  Great  Britain.  Loads,  laijing  fro^  SAj  to  one 
hundred  and  fiftr  tons,  are  tnaspovled  at  ibe  arcrage  rale  of 
fifteen  miles  au  hour ;  and  in  one  "■^tiht  we  kave  seen  a  load 
—  we  should  rather  sar  a  earffo — of  waggcaa,  camreyiag  aser- 
cbandise  tu  the  amount  of  two  hundred  and  thirty  tons  graai, 
transported  from  LiTerpool  to  Manchester  at  the  arerage  rate 
of  twelve  miles  an  hoar. 

The  astooi&iunent  with  which  such  perfonnaDeei  must  be 
viewed,  might  be  qualified,  if  the  art  of  transport  by  steam 
on  railways  had  been  matured,  and  had  attained  that  foil  state 
of  perfection  which  such  an  art  is  always  capable  of  receiting 
from  lung  experience,  aided  by  great  scientific  knowledge,  and 
the  unbounded  application  of  capitaL  But  such  is  not  the 
present  cu:ie.  Tlic  art  of  cuoxtnictiiig  locomotive  ei^nes,  so 
fnr  from  having  attained  a  state  of  maturity,  has  not  even 
emerged  from  its  infancy.  So  complete  was  the  ignorance 
of  its  powers  which  prevailed,  even  among  engineers,  previous 
to  the  opening  of  the  Liverpool  railway,  that  the  transport  of 
heavy  goods  was  regarded  as  the  chief  object  of  the  miiler- 
taldng,  and  its  principal  source  of  revenue.  The  incredible 
speed  of  transport,  effected  even  in  the  very  first  experiments 
in  1830,  burst  upon  the  public,  and  on  the  scientific  world, 
with  all  the  effect  of  a  new  and  unlooked-for  phenomenon. 
On  the  unfortunate  occasion  which  deprived  this  countrj-  of 
Mr.  Huskiiwon,  the  wounded  body  of  that  statesman  was 
transported  a  distance  of  about  fifteen  miles  in  twenty-five 
minutes,  being  at  the  rate  of  tliirtj'-six  miles  an  hour.  The 
revenue  of  the  road  arising  from  passengers  since  its  opening, 
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has,  couirary  to  all  timt  was  foresocn,  bct'n  nearly  double  thftl 
which  has  hccn  derived  from  nii^rchaiidise.  Sn  great  was  the 
want  of  experience  in  the  cunstruction  of  enginnt,  lltnt  thr 
company  was  at  first  ignorant  whetlier  they  should  adopt  Uifi 
steam  engines  fixed  at  differtnt  stations  on  the  line,  to  pull 
the  carriages  from  stAtion  to  station,  or  travelling  engines  Ut 
drag  the  loads  the  entire  distance.  Having  decided  on  ihe 
latter,  they  have,  even  to  tlie  present  moment,  laboured  under 
the  disadvautagc  of  tlic  want  of  that  knowledge  which  ex- 
perience alone  can  give.  The  engines  have  been  coostantlj 
varied  in  their  weight  and  proportions,  in  their  magiUtudt 
and  form,  as  the  experience  of  each  successive  month  luu  in- 
dicated. As  defects  became  manifest  tiiey  were  remedieli 
improvements  suggested  were  adopted;  and  each  ycax  fOO- 
dueed  engines  of  such  increased  power  and  efllciencjr.  duU 
their  predecessors  were  abandoned,  not  because  ihey  were 
worn  out,  but  WcaiLse  tliey  Imd  been  out5tnp|K-d  in  the  rapid 
march  of  improvemeiii.  Adfl  to  thiH,  that  utily  one  sprrie* 
of  Iravelling  engine  has  been  elfectively  tried;  tke  capafaUi- 
ties  of  others  remain  stUl  to  be  developiil;  and  even  chat 
form  of  engine  which  has  received  the  advantage  of  a  coune 
of  experiment^i  on  so  grand  a  scale  to  carrj'  it  towards  prrfir^- 
lion,  is  far  short  of  this  point,  and  still  has  defects,  maity  of 
which,  it  is  obvious,  lime  and  experience  will  remove. 

If,  then»  the  lucoinotive  engine,  subject  tlius  to  oil  the  tin- 
perfections  insi'parahle  from  a  novel  contrivance — with  tfar 
restrictions  on  tlie  free  application  of  skill  and  capital,  orisiag 
from  the  nature  of  the  monopolies  granted  to  railway  oofD- 
panies — with  the  disadvantage  of  very'  limited  experienor, 
the  great  |>arent  of  practical  improvement,  having  been  rain 
mitted  to  experiments  hitherto  only  on  a  limited  sc^e,  and 
confined  almost  to  one  form  of  machine;^ if,  under  meh 
disadvantages,  tiuch  elll-cts  have  been  produced  as  aro  noir 
daily  witnessed  hy  the  public,  what  may  not  bo  looked  fur  Ina 
this  extraordinary  power  when  the  enterprise  of  the  countiy 
■hail  be  more  unfettered — when  greater  fields  of  cxpetieace 
are  opened — when  time,  ingenuity,  and  capital  have  rosKmd 
or  lUminished  existing  imperfections,  and  have  brought  to  ItglA 
new  and  more  powerful  principles  ?     This  ia  oot  mere  Kpoo»> 
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lation  on  abstract  possibilities,  but  refers  to  what  is  ia' actual 
progress.  The  points  of  greatest  wealth  ajid  population  — 
tlie  centres  of  largest  capital  and  most  active  industry  tlirough- 
oul  the  country — will  soon  be  connected  by  lines  of  railway; 
and  variouK  experiments  are  proposed,  witli  more  or  less  pros- 
pect of  success,  for  llic  application  of  steam  engines  ou  stone 
roads  where  the  intercourse  is  not  sufficient  to  render  rail- 
ways profitable. 

'ITic  uiiportant  ccuuncrciul  and  political  effects  attending 
such  increased  facility  and  speed  in  tlie  transport  of  persons 
and  goods,  are  too  obvious  to  require  any  very  extended 
notice  here.  A  part  of  the  price  (and  in  many  cases  a  con- 
siderable part)  of  every  article  of  necessity  or  luxury,  consists 
of  the  cost  of  transporting  it  from  the  producer  to  the  con- 
sumer; and  consequently  every  abatement  or  saving'  in  this 
cost  must  produce  a  corresponding  reduction  in  the  price  of 
every  article  transported  ;  that  is  to  say,  of  every  thing  which 
is  necessary  for  the  subsistence  of  the  poor,  or  for  the  enjoy- 
ment of  the  rich  —  of  every  comfort,  and  of  everj'  luxury  of 
Kfe.  The  benefit  of  this  will  extend,  not  to  the  consumer 
only,  but  to  the  producer:  by  lowering  tlie  expense  of  trans- 
port of  the  produce,  wliether  of  the  soil  or  of  the  loom,  a  less 
quantity  of  that  produce  will  be  spent  in  bringing  the  re- 
mainder to  market,  and  consequently  a  greater  surplus  will 
reward  the  labour  of  the  producer.  The  benefit  of  this  will 
be  felt  even  more  by  the  agriculturist  than  by  the  manufac- 
turer ;  because  the  proportional  cost  of  transport  of  the  pro- 
duce of  the  soil  Is  greater  than  that  of  manufactures.  If 
two  hundred  quarters  of  com  be  neccssan,-  to  raise  four  hun- 
dred, and  one  hundred  more  be  required  to  bring  the  four 
hundred  to  market,  then  the  net  surplus  will  be  one  hundred. 
But  if  by  the  use  of  steam  carriages  the  same  quantity  can 
be  brought  to  m.irket  with  an  expenditure  of  fift^-  quarters, 
tlien  the  net  surplus  will  be  increased  from  one  hundred  to 
one  hundred  and  fifty  qiuirters ;  and  either  the  profit  of  the 
farmer,  or  the  rent  of  the  landlord,  must  be  increnscil  by  the 
B&me  amount. 

But  the  agriculturist  would  not  merely  be  benefited  by  an 
increased  return  from  the  soil  already  under  cultivation.  Any 
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reduction  in  the  cost  of  transporting  the  produce  to  mukel 
would  call  into  cultivation  tracts  of  inferior  fertility,  th«  re- 
turns from  whicli  would  not  at  present  rei>ay  the  cost  of  cul- 
tivation and  transport.  Thus  land  would  become  productirr 
which  is  now  waste,  and  an  flfect  would  be  produced  equi* 
valeut  to  adding  so  much  fertile  soil  to  the  present  extent  of 
the  country.  It  ia  well  known,  that  land  of  a  given  d^nn  of 
fertility  will  yield  increased  produce  by  the  increased  appli* 
cation  of  capital  and  labour.  By  a  reduction  in  tlie  cost 
of  traniiport,  a  saving  will  be  made  which  may  enable  tbe 
agriculturist  to  apply  to  tracts  already  under  cultivation 
capital  thus  saved,  and  thereby  increase  their  actual  p 
tion.  Not  only,  therefore,  would  such  an  effect  be  attended 
with  an  increased  extent  of  cultivated  land,  but  also  with  an 
increased  degree  of  cultivation  in  that  which  is  already  pro- 
ductive. 

It  has  been  said,  that  in  Great  Britain  there  are  above  s 
million  of  horses  engaged  in  vanouK  ways  in  the  Cranaport  of 
passengers  and  goods,  and  that  to  transport  each  horse  requires 
as  much  land  as  would,  upon  an  average,  sup]>urt  eight  men. 
If  this  quantity  of  animal  power  were  displaced  by  steam 
engines,  and  the  means  of  transport  drawn  from  the  bowela  of 
the  earth,  iiu<tcad  of  being  raised  upon  ita  surface,  then,  sup- 
posing the  alwve  calculation  correct,  as  much  laud  would 
become  available  for  the  support  of  human  beings  as  wonU 
KulRce  for  an  additional  population  of  eight  millions ;  or,  what 
amounts  to  tlic  same,  would  increase  tlic  means  of  support  of 
the  present  population  by  about  one  third  of  the  preaest 
available  means.  The  land  wliich  now  supports  horsea  for 
transport  would  then  support  men,  or  produce  corn  for  food. 

The  objection  that  a  quantity  of  laud  exists  iu  the  conntxy 
capable  of  supporting  horses  alone,  and  that  such  land  woaU 
be  thrown  out  of  cultivation,  scarcely  de»cn*es  notice  here. 
The  existence  of  any  considerable  quantity  of  such  land  \$ 
extremely  doubtful.  What  is  the  soil  which  will  feed  a  hon* 
and  not  feed  oxen  or  sheep,  or  produce  food  for  man  f  Bat 
even  if  it  be  admitted  tliat  there  exists  in  the  country  a  small 
portion  of  such  land,  that  portion  caimut  exceed,  nor  inde«d 
rvqual,  wluit  would  be  suflicient  for  the  number  of  b 
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which  must  after  all  continue  to  be  employed  for  the  piir- 
potfes  of  pleasure,  ami  in  a  variety  of  cases  where  steani  must 
MCeiMJrily  be  inapplicable.  Il  is  to  be  remembered,  also, 
that  the  displacing  of  horses  in  one  extensive  occupation,  by 
diminishing  their  price  must  necessarily  increase  the  demand 
for  them  iu  uthers. 

The  reduction  in  the  cost  of  transport  of  manufactmrod 
articles,  by  lowering  their  price  in  the  market,  will  stimulate 
ibeLr  coiisuniptiuii.  This  observation  applies  of  course  not 
only  to  home  but  to  foreign  markets.  In  thi?  latter  wc 
already  in  many  branches  of  maiiufacture.H  command  a  mono- 
poly. The  reduced  price  whicli  wc  shall  attain  by  cheapness 
mod  facility  of  transport  will  still  further  extend  and  incrca«e 
our  advanljtges.  The  neccssaiT  consequence  will  be,  an  in- 
creased demand  for  manufacturing  population ;  and  this  in- 
creased population  again  reacting  on  the  agricultural  interests, 
will  form  an  increased  market  for  that  species  of  produce. 
So  interwoven  and  complicated  are  the  fibres  which  form  the 
texture  of  the  highly  civilised  and  artificial  coimnunity  in 
which  we  live,  that  an  effect  produced  on  any  one  point  is 
instantly  transmitted  to  the  most  remote  and  apparently  un- 
connected parts  of  tlic  system. 

The  two  advantages  of  increased  cheapness  and  speed,  be- 
sides extending  the  amount  of  existing  tralfic,  call  into  ex- 
istence new  ubjccttf  of  commercial  intercourse.  For  the  same 
reason  that  the  reduced  cost  of  transport,  as  we  have  shown, 
calls  new  soils  into  cultivution,  it  also  L-alls  into  existence  new 
markets  for  manufactured  and  agricultural  produce.  The 
great  speed  of  transit  which  has  been  proved  to  be  prac- 
ticable, must  open  a  commerce  between  distant  poijits  in 
>iirious  articles,  the  nature  of  which  does  not  permit  tliem  to 
be  prescr^-ed  so  as  to  be  fit  fur  use  beyond  a  certain  time. 
Such  are,  for  example,  many  species  of  vegetable  and  ani- 
mal food,  which  al  present  arc  confined  to  markets  ut  a  very 
limited  distance  from  the  grower  or  feeder.  The  tnitli  of 
this  observation  is  maiiifested  by  tlie  elFecls  which  have  fol- 
lowed the  intercourse  by  steam  on  the  Irisli  Channel.  The 
western  towns  of  England  have  become  markets  for  a  prodi- 

>us  quantity  of  Irish  produce,  which  it  had  bccu  previously 
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imiMiittublc  to  rxport.  If  animal  ftK>d  be  tr»n«port«l  tlirc 
from  the  grower  to  the  consumer,  the  distance  of  tlie  market 
is  limited  by  the  power  of  the  animal  to  travel,  and  the  cost 
of  it*  support  on  the  road.  It  is  only  particular  irpcetM  of 
cattle  which  bear  to  be  carried  to  market  on  common  raadi 
and  by  horse  carriages.  Uut  the  peculiar  nature  of  a  nilway, 
the  magnitude  and  weight  of  the  loads  which  may  be  traut* 
ported  on  it,  and  the  prodigious  speed  which  may  be  attained, 
render  the  transport  of  cattle,  of  every  species,  to  almoftt  any 
disttoncc,  both  easy  and  cheap.  In  process  of  time,  when  the 
railway  system  becomes  extended,  the  metropolis  and  popn- 
lous  towns  will  therefore  become  marketa,  not  aa  at  prvMSl 
to  distrtcla  within  limited  distances  of  them,  but  to  tlie  wbule 
country. 

The  moral  nnd  political  conacquencet  of  bo  grc*t  a 
change  in  the  powers  uf  transition  of  persons  and  intelligence 
from  place  to  place  are  not  easily  calculated.  The  eoo- 
centration  of  mind  and  exertion  which  a  great  melrupolis 
always  exhibits,  will  be  extended  in  a  considerable  degrve  to 
the  whole  realm.  The  same  effect  will  bo  pn>duced  aa  if  aU 
distances  were  lessened  in  the  proportion  in  which  the  speed 
and  cheapness  of  transit  are  increased.  Towns  at  pment 
removed  some  stages  trom  the  metropolis,  will  btctime  it> 
suburbs ;  others,  now  at  a  day's  joiu-ney,  will  Ik-  n-moved  to 
its  immediate  vicinity ;  business  will  be  cftiried  on  with  h 
mudi  ease  between  them  and  the  metropolia,  as  it  It  now  be» 
tween  distant  points  of  the  metropolis  ii^clf.  Let  those  who 
discard  speculations  like  these  as  wild  and  improbable^  recor 
to  the  slate  of  public  opinion,  at  no  very  remote  |>eriod,  on 
the  itubject  of -steam  navigation.  Within  t)ie  memory  of  po^ 
sons  who  have  not  yet  passed  the  meridian  of  life,  the  pe»- 
(dbility  of  traversing  by  the  steam  engine  the  chonnela  sad 
seas  that  nurround  and  intersect  these  islands,  was  roganled 
ma  the  dream  of  enthusiastA.  Nautical  men  and  men  of  kJcoob 
rejected  such  speculations  with  equol  incredulity,  and  with  Ittttr 
leas  than  scorn  for  the  understanding  of  those  who  could  fc« 
a  moment  entertain  them.  Yet  we  have  witnessed  steam  en- 
gines traversing  not  these  channels  and  seas  alone,  but  iiWT«p- 
ing  tlie  face  of  the  waters  round  every  coast  iu  Durupc. 
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seas  which  interpose  bctn-een  our  Asiatic  doniitiions  and 
F^rjpt,  ami  those  which  separate  our  own  shores  from  our 
West  Indian  possessions,  havir  offered  an  equally  ineffectual 
barrier  to  its  powers^  and  the  estabHshinent  of  a  regular 
«eam  communication  between  the  capitals  of  the  Old  and  New 
World  lias  ceased  to  be  a  qucKtioit  of  practicability,  having 
become  merely  one  of  commercial  prolit.  If  steam  be  not  used 
as  the  only  means  of  coimecting  the  most  distant  points  of  our 
planet,  it  is  not  because  it  is  inadequate  to  the  accomplish- 
ment of  that  end,  but  because  the  supply  of  the  material,  from 
which  at  the  present  moment  it  derives  itn  powers,  is  restricted 
by  local  and  accidental  circumstances.* 

Wo  propose  in  the  present  chapter  to  lay  before  our 
readers  some  account  of  the  means  whereby  the  effects  above 
referred  to  have  been  produced ;  of  the  manner  and  degree 
in  which  the  public  have  availed  themselves  of  tliese  means ; 
and  of  the  improvements  of  which  tliey  seem  to  ua  to  be  sua- 
ccptible. 

(185.)  It  is  a  singular  fact,  that  in  the  history  of  this  in- 
vention considerable  time  and  great  ing-enuity  were  vainly 
expended  in  attempting  to  overcome  a  ditticulty,  which  in  the 
end  turned  out  to  be  purely  imaginary.  To  comprehend  dis- 
tinctly the  manner  in  which  a  wlicci  carriage  is  propelled  by 
steam,  suppose  lliat  a  piu  or  haniUc  is  attached  to  Uie  spoke 
of  the  wheel  at  some  distance  from  ita  centre,  and  that  a  force 
is  applied  to  this  pin  in  such  a  manner  as  to  make  the  wheel 
revolve.  IT  the  tire  of  the  wheel  and  the  surface  of  the  road 
were  absolutely  smooth  and  free  from  friction,  so  that  Uie  face 
of  the  tiro  would  slide  williont  rcsistince  upon  the  road, 
then  the  effect  of  the  force  thus  tipplied  would  be  merely  to 
cause  tlie  wheel  to  turn  round,  the  carriage  being  stationary', 
the  surface  of  the  tire  slipping  or  sliding  upon  the  road  as 
the  wheel  is  made  to  revolve.  But  if,  on  the  other  hand,  the 
pressure  of  the  face  of  the  tire  upon  the  road  Is  such  as  to 
produce  between  tliem  such  a  degree  of  adhesion  as  will  ren- 
der it  impossible  for  the  wheel  to  slide  or  slip  upon  the  road  by 


•  Some  of  the  prpcedrnp  observations  on  inlnnd  tmnsport,  as  well  us 
oihcr  poru  or  the  preiuMU  chapter,  n|i[>enred  in  iirtk-Ies  written  by  uj«  iu 
the  AVm&mi-r*  Itevitw  lor  October,  IMV,  mid  (Ktober,  lft:U. 
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the  furcc  trhidi  i»  appfiMJ  to  h,  tbe  cofMeqaeoce  will  be,  that 
the  wlicc'l  can  <mAj  Ibbb  nnoid  in  obedjeoor  to  the  force  which 
inoveh  it  by  canmig  tbe  carnage  to  adrance,  so  that  the  wheel 
will  roll  upon  the  road,  and  the  carnage  will  be  moved  for- 
wiirtl,  tlirough  a  distance  equal  to  the  circumference  of  the 
whi'rl,  cju'li  lime  it  performs  a  complete  revolution. 

It  {9  ohvioufl  that  both  of  these  efibcts  may  be  partiallv 
iiu'rd  ;  llvo  ndliesion  of  the  wheel  to  the  road  may  be  iiuuf- 
lo  prt'vi-tiL  slipping  altogether,  and  yet  it  may  be  suffi- 
rwnt  lo  prevent  the  wheel  from  clipping  a«  fast  as  it  revolve*. 
Uv4b(  mivh  cirrums  tun  ceil  the  carriage  would  advance  and  the 
^m)m«)  WvuM  slip.  The  progressive  motion  of  the  carriage 
^Iwii^  one  ctmiplete  revolution  of  the  wheel  would  be  equal 
|w  tfc»  ^Mfereiwy  Wtween  the  complete  circumference  of  the 
«W«I  iumI  tS»e  fvrtiou  through  which  in  one  revolution  it  haa 

WWtt  tkft  construction  of  txavelling  steam  engines  first  cn- 
l^%xA  ^  fttlaolMn  of  engineers,  and  for  a  considerable  period 
<>ifcw<wyrjti>  a  iMtion  was  impressed  upon  their  minds  that  the 
vriJkMMM  Wnwmthe  Ut»  tk  the  wheel  and  the  surface  of  the 
V««4  WWl  ■fwwrity  be  of  TCT^'  small  amount,  and  that  in 
«^^  |WMM«cii  <«»  the  wheels  thus  driven  would  either  slip 
>>»iynlm>  mik  f  aAwt  no  advance  of  the  carriage,  or  that  a 
tiaww^mUiV  inrtM  «f  tW  impelling  power  would  be  lost  by 
^fMMv^nP^  «>^  «M"^  ^  ^^^  wheels.  It  is  stngulax 
^W»t  ^  «IinhM  netre  Wpc  owsnt  d  to  the  many  ingenious  per- 
iMMk  »V*  ^*  »evy«al  TC«r»  WM«  engaged  in  such  experiments 
M4<tV«K^WW<Mk  Kk  ammnia  \n  experiment  the  actual  amount 
.^flidMMW*  ^  «i*iy  fMlkwIir  on*  between  the  wheeU  and  the 
«(Mii.  IW  lk«Y  AMit  «K«V  Aa«M  probably  now  have  found 
W?»WHiw  lilf^lfc  «a*  ■MtvaaNiMcd  suic  than  that  to  whkh 
Ikm^iK  kta%>r  JMvadMil 

tV  tv4WPn^  Ikkbk  iwnpiiwKy  4iftcu^y,  M«un.TrrT«t]nck  and 
\^>i«M  y>**T''"^  **  ^i*^  *^  vactaraal  inw  of  the  wlKck 

Wl  VMkk  <>'*  fr*/!^  V*  ^T  tiiWit  ijniniM  puuwis  tm  ifcia 
'^'V.v  ynvy vc^  iifc  v«iw  w>»w»  cwwMawMf  ikiiSuM  waretp 
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In  «\en  years  after  the  cotutruction  of  the  first  loco- 
motive engine  hy  these  engineers,  another  locomotive  engine 
tu  constructed  hy  Mr.  Bliiiken»o|>,  of  MidUletou  Colliery, 
near  Leeds.     He  obtained  a  patent,  in  1811,  for  the  appU- 
ation  of  a  rack-rail.     The  railroad  thus,  instead  of  being 
coDjpoHcd  of  smooth  bars  of  iron,  presented  a  line  of  project- 
ing leetb,  like  those  of  a  cog-wheel,  which  stretched  along 
the  entire  distance  to  be  travelled.     The  wheels  on  which 
the  engine  rolled  were  furnished  witli  eorreapondiug  teeth, 
which  worked  in  the  teeth  of  the  railroad,  and,  in  this  way, 
produced  a  progressive  motion  in  tlic  carriage. 

The  next  contrivance  for  overcoming  this  fictitious  diffi- 
cultv,  was  that  of  Messrs.  Chapman,  who,  in  the  year  I81SJ, 
obtained  a  patent  for  working  a  locomotive  engine  by  a  chain 
Extending  along  the  middle  of  the  line  of  railroad,  from  the 
**nc  end  to  the  otlicr.  This  chain  was  passed  once  round  a 
grooved  wheel  under  the  centre  of  the  carriage ;  so  that, 
^"hen  this  grooved  wheel  was  turned  hy  the  engine,  the  chain 
"eing  incapable  of  slipping  upon  it,  the  carriage  was  con- 
**^*luently  advanced  on  the  road.  In  order  to  prevent  the 
•train  from  acting  on  the  whole  length  of  the  chain,  its  links 
*'*re  made  to  fall  upon  upright  forks  placed  at  certain  in- 
^rvala,  which  between  those  intenals  sustained  the  tension 
^^  the  chain  produced  by  the  engine.  Friction-rollers  were 
^**ed  to  press  the  chain  into  the  groove  of  the  wheel,  so  as  to 
Prevent  it  from  slipping.  This  contrivance  was  soon  aban- 
doned, for  the  very  obvious  reason  that  a  prodigious  loss  of 
*Orcc  was  incurred  by  the  friction  of  tlie  chain. 

The  following  year,  18  UJ,  produced  a  rortrivance  of  sin- 
gnUr  ingenuity,  for  overcoming  tlie  supposed  diflicully  arising 
(rnm  the  want  of  adhesion  between  the  wheels  and  the  road. 
This  was  no  other  tlian  a  pair  of  mechanical  legs  mid  feet, 
which  were  made  to  walk  and  propel  in  a  manner  somewhat 
re'sieud>Iing  the  feel  of  an  animal. 

A  sketch  of  these  proiwllers  is  given  h\Ji</.  8(i.  a  is  the 
carriage  moving  on  the  railroad,  i,  and  l'  are  the  legs,  F  and 
F*  the  feet.  The  foot  F  has  a  joint  at  o,  which  corresponds 
to  the  ankle  ;  another  joint  is  placed  at  k,  which  corresponds 
to  the  knee ;  and  a  third  is  placed  at  l,  which  corresponds  to 
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the  hip.    Similar  joijibi  arc  placed  at  tiie  correspomUug  letten 
in  the  other  leg.     The  knee-joint  k  is  attached  to  the  eni 


f V  M- 


of  the  piston  of  the  cylinder.  When  tl»e  piston,  which  is 
horizontal,  is  pressed  outwarda,  the  leg  l  presses  the  foot  v 
against  the  ground,  and  the  resistance  forces  the  carriage  a 
onwards.  As  the  carriage  proceed*,  the  angle  k  at  the  knee 
becomes  larger,  so  that  the  leg  and  thigh  take  a  straiglitei 
position ;  and  Chiu  coiitiuues  until  the  piston  has  reached  the 
end  of  its  stroke.  At  the  hip  l  tliere  is  a  short  lever  L  Vp 
the  extremity  of  which  is  coiuiectcd  hy  a  cord  or  chain  with 
a  point  8,  placed  near  the  shin  of  the  leg.  When  the  piston 
is  pressed  into  the  cylinder,  the  knee  K  is  drawn  towards 
the  engine,  and  the  cord  H  s  is  made  to  lift  the  foot  F  from 
the  ground;  to  which  it  does  not  return  tmiit  the  piston  has 
arrived  at  tlie  extremity  of  the  cylinder.  On  the  piston 
being  again  driven  out  of  the  cylinder,  the  foot  r»  being 
placed  on  the  road,  is  pressed  backwards  by  the  force  of  the 
piston-rod  at  K  ;  but  the  friction  of  the  ground  preventing  its 
backward  motion,  the  re-action  caiuea  the  engine  to  advance: 
and  in  the  &ame  manner  this  process  ia  continued. 

Attached  to  the  thigh  at  n,  above  tlie  knee,  by  a  Joint,  it 
a  horizontal  rod  n  r,  which  works  a  rack  r.  This  rack  has 
beneath  it  a  cog-wheel.  This  cog-wheel  acts  in  another  rack 
below  it.  By  tlicsc  means,  when  the  knee  k  is  driven  /row 
the  engine,  the  rack  r  is  moved  bachrardt,-  but  the  cog-wheel 
acting  oil  the  otlier  rack  beneath  it,  will  move  the  latUT  in 
the  contrary  direction.     The  rack  H  being  then  moved  m  tJU 
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tame  directitm  with  the  knee  K,  it  follows  that  the  other  rack 
will  always  be  moved  in  a  contrary  dirfcfion.  The  lower  rack 
is  connected  by  anotlier  horizontal  rod  with  the  thigh  of  the 
leg  L  p',  immefiiatcly  iibovf  th<^  knee  at  n'.  When  the 
piston  is  forced  inwardsf  the  knee  k'  will  thus  be  forced 
backtcard* ;  and  when  the  piston  is  forced  ontttards,  the  knee 
■Ef  will  be  drawn  fortcardjt.  It  therefore  follows,  that  the 
two  knees  k  and  k'  are  pressed  aite.maleltf  barhpardt  and 
forwards.  The  foot  f',  when  the  knee  k'  is  drnwn  forward, 
is  Uft(.-d  by  the  means  already  described  for  the  foot  F. 

It  will  be  apparent,  from  this  description,  tliat  the  piece  of 
mechaniinit  here  exhibited  is  a  contrivance  derived  from  tlie 
motion  of  the  legs  of  an  animal,  and  resembling  in  all  respects 
the  fore  legs  of  a  horse.  It  is  however  to  be  regarded  rather 
as  a  specimen  of  great  ingenuity  than  as  a  contrivance  of 
practical  utility. 

(186.)  It  was  about  this  period  that  tlic  important  fact  was 
first  ascertained  that  tlie  adhesion  or  friction  of  the  wheels 
with  the  rails  on  which  they  moved  was  atnply  suliicient 
to  propel  the  engine,  even  when  drugging  after  it  a  load  of 
l^eat  weight ;  and  that  in  such  case,  the  progressive  motion 
would  be  effected  without  any  slipping  of  the  wheels,  'llie 
consequence  of  this  fact  rendered  totally  useless  all  the 
contrivances  for  gi^'ing  wheels  a  purchase  on  the  road,  such, 
as  racks,  chains,  feet,  Sec,  The  ejcperiinent  by  which  thia 
was  determined  appears  to  have  been  first  tried  on  the 
Wylam  railroad  :  where  it  was  proved,  that  when  the  road 
was  level,  and  the  rails  clean,  the  adhesion  of  the  wheels  was 
Mifficient,  in  all  kinds  of  weather,  to  propel  considerable 
loads.  By  manual  labour  it  was  first  ascertained  huw  much 
weight  the  wheels  of  a  commuu  carriage  would  overcome 
without  slipping  round  on  the  rati,  and  liaving  found  the 
proportion  which  that  bore  to  the  weight,  they  then  ascer- 
tained that  tlic  weight  of  the  engine  would  produce  suSicient- 
adhesion  to  drag  after  it  on  the  railroad  the  requisite  niunber 
of  waggons.* 

In  1814,  an  engine  was  constructed  at  Killingworth,  by 
Mr.  Stephenson,    having   two  cyliuders  with   a  cylindrical 
*  Wood  on  Rtulroads,  StI  eilit. 
z2 
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boiler,  and  working  two  pair  of  wheels,  by  cranlu  pUoed  at 
right  aiigk's ;  su  that  when  tlic-  one  was  In  full  operation,  the 
other  wan  at  itn  <lea(t  points.  By  the^e  means  the  propelliiy 
power  wait  always  in  action.  The  cranks  were  inaiubuBwl 
in  this  position  hy  an  enflletis  chain,  which  passed  round  two 
cogged  wheels  placed  under  the  enf^ine,  and  which  were  fixed 
on  the  same  axles  on  which  the  wheels  were  placed.  Hie 
wheels  in  this  case  were  fixed  on  the  axles«  and  turned  with. 
them. 

This  engine  is  represontetl  in^^.  87.,  the  sides  heing  opcOB 
to  render  the  interior  mechaiiisiu  visible,     a  b  is  the  cylin-  ■ 


drical  boiler;    c  c  are  the  working  cylinders;    D  E  arc  tli^^ 
cogged  wheels  fixed  on  the  axle  of  the  wheels  of  the  engine* 
and  Rurrounded  by  the  endlesa  chain.      These  wheels  bcmi^ 
e(^ual  in  magnitude,  perform  tlieir  revolutions  in  the  hbi0' 
time ;    so    that,  when    the  crank  f  descends  Co  ll>c  lowest 
point,  the  crank  o  rises  from   the  lowest  point   tn  the    hori' 
Kontal  position  d;  and,  again,  when  tlie  crank  f  rises  (row 
the   lowest    point   to  the    horizontal    position  e,  the  other 
crank  riws  to  the  highest  point ;  and  so  on.     A  vert-  be«u> 
tiful  contrivance  was  adopted  in  this  engine,  hy  which  it  wm 
suspended  on  springs  of  steam.   Small  cylinders,  represented 
at  H,  are  screwed  by  flanges  to  one  side  of  the  boiler,  and 
project  wititin  it  a  few  inches  ;    they  have  free  communi- 
cation at  tlic  top  with  the  water  or  steam  of  the  boiler.  Solid 
pistons  are  represented  at  i,  which  move  steam-tight  in  these 
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Cylinders;  the  cylintlers  are  open  at  the  bottom,  and  the 
pistoD-rods  are  screwed  on  the  carriage  of  tlie  engine,  otbt 
tlieixle  of  each  pair  of  wheels,  the  pislona  being  presented 
upwards.  As  the  eiiguic  is  represented  in  the  figure,  it  is 
supported  on  four  pixtona,  two  at  each  side.  The  pistons 
are  pressed  upon  by  the  water  or  steam  which  occupies  tho 
upper  chamber  of  t-he  rylinder;  and  the  latter  being  elastic 
iTi  a  high  degree,  the  engine  has  all  the  advantage  of  ttpring 
suspension.  The  defect  of  this  method  of  supporting  the 
c^ngine  is,  that  when  the  steam  loses  that  amount  of  elasti- 
city necessary  for  the  support  of  the  machine,  the  pistons  are 
forced  into  the  cylinders,  and  the  bottoms  of  tho  cylinders 
"^ar  upon  them.  All  spring  suspension  is  then  lost.  This 
'^'ode  of  suspension  has  consequently  since  been  laid  aside. 

In  an  engine   subsequently  constructed  by  Mr.  Stephen- 
*'*'',  for  the  KilHngworth  railroad,  the  mode  adopted  of  cnn- 
"^^ting  the  wheels  by  an  endless  chain  and  cog-wheels  was 
^'^ft.lidoned;  and  the  same  effect  was  produced  by  connecting 
"lo    two  cranks  by  a  straight  rod.      All  such  contrivances, 
^"^^ever,  have  tliis  great  defect,  that,  if  llie  fore  and  hiud 
■loels  be  not  constructed  with  dimensions  accurately  equal, 
^^^\^  must  necessarily  be  a  sHpping  or  dragging  on  the  road. 
*^<>    nature    of    the    machinerj-    requires    that    each   wheel 
^<*\dd  perfonn  its  revolution  exactly  in  the  saine  time;  and 
^'ifiaequently.  in  doing  so,    must   pass  over   exactly  equal 
^^*gths  of  the  road.     If,  therefore,  the  circumference  of  the 
^^leela  lie  not  accurately  equal,  that  wheel  which   has  the 
•eaaer  circmnference  must  be  dragged  along  so  itiuch  of  the 
*oad  as  that  by  which  it  folta  short  of  the  circumference  of 
the  greater  wheel ;  or,  on  the  other  hand,  the  greater  wheel 
ftust  be   dragged   in  the  opposite  direction,  to  compensate 
for  the  same  diflerence.     As  no  mechanism  can  accomplish 
a  perfect  equality  in  four,  much  less  in  six,  wheels,  it  may  bo 
aaeumed  that  a  great  portion  of  that  dragging  effect  is  a  ne- 
cessary consequence  of  the  principle  of  this  machine ;  and 
even  were  the  wheels,  in  the  iirst  instjince,  accurately  con- 
structed, it  is  not  possible  that  thfir  wear  could  be  so  exactly 
uniform  as  to  continue  equal. 

(187.)  The  next  stimulus  which  the  progress  of  this  in- 
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vention  received,  proceeded  from  the  great  national  OToilt 
undertaken  at  Liverpool,  by  which  that  town  and  the  exten- 
sive commercial  mart  of  Manchester  trere  connected  bjr  a 
double  line  of  railway.  When  this  project  wa«  unclrrlakra, 
it  was  not  decided  what  moving  power  it  iiiifi;ht  be  tnoat 
expedient  to  adopt  aa  a  moanH  of  transport  on  tlur  propoMid 
road:  the  choice  lay  between  horse  power,  fixed  ateaai 
engines,  and  Itwoniotive  engines ;  but  the  tint*  for  many 
obvious  reoiuius,  wa^  at  once  rejected  in  favour  of  oiht  or 
other  of  the  last  two. 

The  steam  engine  may  be  applied^  by  two  divtiitct 
thodd,  to  move  waggons  eitlier  on  a  turnpike?  road  or  on 
railway.  By  the  one  method  the  steam  engine  is  fixed,  and 
draws  the  carriage  or  train  of  carnages  towards  it  by  a  chain 
extending  the  whole  length  of  road  on  which  the  engine 
works.  By  this  method  the  line  of  road  over  which  the 
tran^wrt  is  amducted  is  divided  into  a  number  of  abort 
intervals,  at  the  extremity  of  each  of  which  an  engine  u 
pUced.  The  waggons  or  carriages,  when  drawu  by  aajr 
engine  to  its  own  station,  arr  detached,  and  connected  with 
the  extremity  of  the  diain  worked  by  the  next  atatiooaiy 
engine ;  and  thus  the  journey  is  performed,  Snm  stadoa  to 
station,  by  separate  euf.nnes.  By  the  other  method  the  Nuat 
engine  draw:*  the  load  ttte  whole  journey.  travclUug  with  it. 

The  Directors  of  the  Liverpool  and  Manchesier  railroadr 
when  that  work  was  advanced  towards  its  compleiinD,  rin- 
ployed,  in  tltc  spring  of  Uie  year  18^0,  Me.tsrs.  StepUcmoa 
aud  Lock,  and  Messrs.  Walker  and  liiutrick,  experienced 
•Ogineers,  to  vi.sit  the  dijTcrent  railways,  where  practicml 
inTomialion  respecting  the  comparative  eftecta  of  Ktataotiaiy 
and  locomotive  engines  was  likely  to  be  obtained;  and  froM 
these  gentlemen  they  received  re|>orts  on  the  relative  mcriUr 
according  to  their  judgment  of  the  two  melluxls.  The  p«r*^ 
ticulars  of  their  calculations  arc  given  at  large  in  the  valu- 
able work  of  ^[r.  Nicholas  Wood  on  railways;  to  which  w« 
refer  the  reader,  not  only  on  this,  but  on  many  other  sa^ 
jects  connected  with  the  locomotive  steam  engine,  into  whidi 
it  would  be  foreign  to  our  object  to  enter.  The  re«uU  «f 
the  comparison  of  the  two    systems  was>  tliai  t}ic  capiiiJ 
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Meaasuy  to  be  adranced  lo  establish  a  line  of  st&tionary 
enpnes  was  considerably  greater  tluui  that  which  was  neces- 
my  to  establish  an  equivalent  power  in  locomotive  engines; 
iW  the  annual  expense  by  the  slationarj-  engiiies  was  like- 
vise  greater;  and  that,  consequently,  the  expense  of  trans- 
port by  the  latter  was  greater,  in  a  like  proportion.  The 
•ubjoined  table  ex}nbits  the  results  uumcricaliy :  — 


DmotiTe  eugmes 
>  tadonary  engines 


Capiul. 


.  ,         Expense  of  lakiait 


5S,000     0     0    26,olT     8     £0164  of  a  penny 
I2I.49B     7     0     42,()3I    t6      50-269 


^^■ocomotive  ft>Kteni  ku    r>3.4tHi     7     0  i  16^14     6     St>'I05 


^P      On  the  score  of  economy,  therefore,  the  system  of  loco- 
^^■^OoliTe  engines  was  entitled  to  a  preference;  but  there  were 
^^-^^ther  considerations  whici)  conspired  with  this  to  decide  the 
^^hoice  of  the  Directors  in  its  favour.     An  accident  occurring 
^^-n  any  part  of  a  road  worked  by  stationary  engines  must 
"^^lecessarily  produce  a  total  suspension  of  work  along  the  en- 
tire line.     The  most  vigilant  and  active   attention  on   the 
"^wrt  of  every  workman,  however  employed,  in  every  part  of 
the  line,  would  therefore  be  necessary;  but,  Independently 
uf  this,  accidents  arising  from  the  fracture  or  derangement 
of  any  of  the  chains,  or  from  tho  suspension  of  the  working 
cf  any  of  the  fixed  engines,  would  be  equally  injurious,  and 
1^^  would  effectually  stop  the  intercoujrse   along    tho  line.     On 
^B  the  other  hand,  in  locomotive  engines  an  accident  could  only 
■^^  affect  llic  particular  train  of  carriages  drawn  by  the  engine 
^^  to  which  the  accident  might  occur ;  and  even  then  the  dilii- 
^H  culty  could  be  remedied  by  having  a  supply^  of  spare  engines 
1^  ai  convenient  stations  along  the  line.     It  is  true  that  tlie 
[^^  jirobabiiily  of  accident  ia,  perhaps,  less  in  the  stationary  than 
^B  in  the  locomotive  system ;    but  the  inJuriouB  cotue^uences, 
^^  when  accident  doex  happen,  are  prodigiously  greater  in  tlie 
former.     "  The  one  system,"  says  Mr.  Walker,  *'  is  like  a 
chain  extending  ^om  Liverpool  to  Manchester,  tlie  failure 
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of  a  single  link  of  which  would  destroy  the  whole ;  whUe 
the  other  is  like  a  number  of  iihort  and  unconnected 
chains,"  the  destructiou  of  any  one  of  which  doci  not  in- 
terfere with  the  effect  of  the  others,  and  the  loes  of  which 
may  be  supplied  with  fiicitity. 

The  decision  of  the  Directors  wna^  tlicrefure»  in  favour  of 
locomotive  engines ;  ond  their  next  nieBsure  was  to  den»r 
some  means  by  wliich  the  inventive  genius  of  lltv  counti^ 
might  be  stimulated  to  supply  (hem  with  the  best  poesible  form 
of  en^nes  for  this  purpose.  With  this  view,  it  was  proposed 
and  carried  into  ellect  to  olfer  a  prize  for  the  best  locomotive 
engine  which  might  be  produce-d  under  ccrtauii  proposed  cun* 
ditions,  and  to  appoint  a  time  for  a  public  trial  of  the  cUinu 
of  the  candidates.  A  premium  of  five  hundred  |iounds  wu 
accordingly  offered  for  the  best  locomotive  engine  to  run  oo 
the  Liverpool  and  Manchester  railway ;  under  the  condition 
that  it  should  produce  no  smoke  ;  that  the  pressun^  of  the 
steam  should  be  limited  to  lii'ty  pounds  on  the  inch  \  and  that  it 
should  draw  at  least  three  times  its  own  weight,  at  the  rate  of 
not  less  than  ten  miles  un  hour  ;  that  the  engine  should  be  njp- 
ported  on  springs,  and  should  not  exceed  fiflei'ii  feet  in  height. 
Precautions  were  also  proposed  against  the  conhcquencea  of 
the  boiler  bursting;  iind  other  matters  not  necessary  to 
tion  more  [Kirticularly  here.  Thia  prop4isal  waa  aunt 
in  the  spring  of  18^,  and  the  time  of  trial  was  appointed 
in  the  following  October.  The  engines  which  underwent  the 
trial  were,  the  lltK-ket,  constructed  by  Mr.  Stephenson ;  thi 
Sansparell,  by  Hackworth ;  and  the  Novelty,  by  Meao^ 
Rraithwaite  and  Ericson.  Of  these,  the  Rocket  obtained 
the  premium.  A  line  of  railway  was  selected  for  the  trial,  on 
a  level  piece  of  road  about  two  miles  in  lengtli,  near  a  plan 
called  Rainhill,  between  Liverpool  and  Manchester;  the  di*- 
tance  between  the  two  stations  was  a  mile  and  a  half,  and  the 
engine  had  to  travel  this  distance  backwards  and  forwards 
ten  times,  which  made  altogether  a  journey  of  thirty  raileit. 
The  Rocket  perlbmied  this  journey  twice  :  the  tirsl  time  ia 
2  hours  14  minutes  and  8  seconds;  and  the  second  time 
in  2  hours  G  minutes  and  4f)  seconds.  Its  speed  at  diffennt 
pnrtA  of  the  journey  varied :  its  greatest  rate  of  motion  wa» 
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rather  above  29  miles  an  hour ;  aud  its  kast,  about  11  i  miles 

I.Vymilea 


Th< 


rate  of  tlip 


an  hour,  ine  average  rate  oi  tiip  one  journev  ' 
an  hom-;  and  of  the  other,  Hj^^  milcM.  Tiiis  was  the  only 
engine  which  perfamied  the  complete  journey  proposed,  the 
others  having  been  stopped  from  accidents  which  occurred  to 
ihem  in  the  experiment.  The  Smisparcil  performed  the  dis- 
tance between  the  stations  eight  times>  travelling  22^  miles 
in  1  hour  37  minutes  and  16  seconds.  The  greatest  velocity 
to  whiclt  this  engine  attained  was  something  less  than  23 
miles  per  hour.  The  Novelty  had  only  passed  twice  between 
the  stations*  when  the  joints  of  the  boiler  gave  way,  and  put 
an  end  to  the  experiment. 

(188.)  The  great  object  to  be  attained  in  the  construction 
of  these  engines  was,  to  combine  witli  sufficient  lightness 
the  grcatt^st  possible  heating  power.  The  fire  necessarily 
acts  on  the  water  in  two  ways  :  first,  by  its  radiant  heat ;  and 
ftecond,  by  the  current  of  heated  air  which  is  carried  by  the 
draught  through  the  flues,  and  finally  passes  into  the  chimney. 
To  accomplish  this  object,  therefore,  it  is  necessary  to  expose 
to  both  these  sources  of  heat  the  greatest  possible  cjuanEity 
of  surface  in  contact  with  the  water.  These  ends  were  at- 
tained by  the  following  admirable  arrangement  iu  the 
Ilocket:  — 

This  engine  is  represented  in  Jfff.  88.  It  is  supported  on 
four  wheels  ;  the  principal  part  of  the  weight  being  thrown 
cm  one  pair,  which  are  worked  by  the  engine.  The  boiler 
consists  of  a  cylinder  six  feet  in  length,  witli  flat  ends  ;  the 
cbinmey  issues  from  one  end,  acid  to  the  other  end  is  attached 
a  square  box  b,  the  bottom  of  which  is  furnished  with  the 
grate  on  which  tlie  fuel  is  placed.  This  box  is  composed  of 
two  casing!!  of  iron,  one  contained  within  the  other,  having 
between  them  a  space  about  three  inches  in  breadth  ;  the  mag- 
nitude of  the  box  being  three  feet  in  length,  two  feet  in  width, 
and  three  feet  in  depth.  The  casing  which  Kurronnds  the 
box  communicates  with  the  lower  part  of  the  boiler  by  a  pipo 
marked  c  ;  and  the  same  casing  at  the  top  of  the  box  com- 
municates with  the  upper  part  of  the  boiler  by  another  pipo 
marked  d.  Wlien  water  is  admitted  into  the  boiler,  therefore, 
it  flows  freely,  through  the  pipe  c,  into  the  casing  which 


surrounds  the  furnace  or  fire-box,  nnd  fills  tUt  canng  to  tW 
same  level  m  that  which  it  has  in  the  boiler.  Wlica  tW 
engine  ii  at  work,  tlie  boiler  is  kc-pt  about  half  filled  with 
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water;  and,  con8ef]uently,  the  cttriaf 
surrounding  llie  furnace  is  complete^ 
filled.  The  steam  which  is  genenkt«d  in 
the  water  contained  in  the  casing  ^atk 
its  exit  through  the  pipe  d,  and  campt* 
into  the  upper  part  of  the  boil«r.  A 
section  of  tlie  engine,  uken  at  riffhl 
angles  to  its  length,  is  rcprvscnted  ii 
Jiff.  89.  Through  the  lower  part  of  the 
boiler  pass  a  number  of  copper  tubes  of  small  sijw,  wUdi 
cummunicate  ot  one  end  with  the  (irc-bux,  and  at  the  odMr 
with  the  chimney,  and  form  a  paaxage  for  the  heated  air  fion 
the  furnace  to  the  chimney.  The  igt\ited  fuel  spread  on  tW 
grate  at  Uie  bottom  of  the  fire-box  disperses  its  heat  by  radi- 
ation,und  acl:t  in  this  manner  on  the  whole  surface  of  the  eaaag 
surrounding  the  tire-box  ;  and  thus  raises  the  temperatur*  of 
the  thin  slirll  of  water  contained  in  that  cuing.     IIm  ck>«f 
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part  of  the  water  m  the  cuaag.  being  lower  in  its  poatiaa 
than  the  w&ler  in  the  boiler,  ftcquin:^  a  tradencj  to  ascend 
nhen  heated,  and  passes  into  the  boiler :  so  thai  a  coostant 
ctrcuUtion  of  the  healed  water  is  maiatained,  and  the  water 
in  the  boiler  must  necessarilj  be  kept  at  nearlj  the  same  tem- 
perature as  the  water  in  the  canng.  The  air  wMch  passes 
through  tlie  burning  fuel,  and  which  61Ia  tbe  fir«-bcx,  is 
carried,  b^  the  draught  through  the  tubes  which  extend 
through  the  lower  part  of  the  boiler ;  and  as  these  tubes  are 
surrounded  on  every  side  with  the  water  contained  in  the 
boiler^  this  air  transmits  its  heat  through  these  tubes  to  the 
water.  It  finally  issues  into  the  chimney,  and  rises  by  the 
draught.  The  power  of  this  furnace  must  necessarily  depend 
on  the  power  of  draught  in  the  chimney ;  and  to  increase  this, 
and  at  the  same  time  to  dispose  of  the  waste  steam  after  it 
has  worked  the  piston,  this  steam  is  carried  off  by  a  pipe  L, 
which  passes  from  the  cylinder  to  the  chimney,  and  escapes 
there  in  a  jet  which  is  turned  upwards.  By  the  velocity  with 
which  it  issues  from  this  jet,  and  by  Its  great  comparative 
levity,  it  produces  a  strong  current  upwards  in  the  chimney, 
and  thus  gives  force  to  the  draught  of  the  furnace,  la^ff.  89. 
the  grate-bars  are  represented  at  the  bottom  of  the  fire-box 
at  r.  There  are  two  cylinders,  one  of  which  works  each 
wheel ;  one  only  appearing  in  the  drawing  Jig.  88.,  the  other 
being  concealed  by  the  engine.  The  spokes  which  these 
cylinders  work  are  placed  at  right  angles  on  the  wheels  ;  the 
wheels  being  fixed  on  a  common  axle,  with  which  they  turn. 

In  this  engine,  the  surface  of  water  surrounding  the  fire- 
box, exposed  to  the  action  of  radiant  heat,  amounted  to 
twenty  square  feet,  which  received  heat  from  the  surface  of 
six  square  feet  of  buniiug  fuel  on  the  bars.  Tlie  surface 
exposed  to  the  action  of  the  heated  air  amounted  to  118 
square  fceL  The  engine  drew  after  it  another  curiiage,  con- 
taining  fuel  and  water;  the  fuel  used  was  coke,  for  tlie  pur- 
pose of  avoiding  the  production  of  smoke. 

(189.)  The  Sansparcilof  Mr.  Hack  worth  is  represented  in 
Jiff.  90.;  tlie  horizontal  section  being  exhil)ite<l  hxjig.  91. 

The  draught  of  the  furnace  is  produced  in  tlic  same  loaiuier 
aft  in  the  Rocket,  by  ejecting  the  waste  steam  coming  from 


through  the  boiler,  suiucwhat  similar  to  that  already 
dcBcribed  in  the  early  enf^ne  of  Messrs.  Trevethick  and 
Vivian.  In  the  horizontal  section  (Jig.  91.),  d  cxpresae* 
the  opening  of  the  furnace  at  the  end  of  the  boiler*  beaide 
the  chimney.  The  grate-bars  appear  at  \,  supporting  the 
burning  fuel ;  and  n  cun'cd  tube  passing  through  the  boiler, 
and  terminating  in  the  chimney,  is  exprewed  at  b,  the  direction 
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©f  the  draught  being  indicated  by  the  arrow ;  c  is  a  Bection 
of  the  chimucy.  The  cyliudurs  arc  placed,  us  in  the  Kucket, 
on  each  side  of  the  boiler;  each  working  a  separate  wheel, 
but  acting  ou  spokes  placed  at  right  angles  to  each  other. 
The  tube  in  which  the  grate  and  flue  arc  placed  diminishes 
in  diameter  as  it  approaches  the  chinuiey.  At  the  mouth 
where  the  grate  was  placed,  its  diameter  was  two  feet ;  and  it 
was  gradually  reduced,  so  that,  at  the  chimney,  its  diameter 
was  only  fifteen  inuhcs.  The  grate-bars  extended  five  feet 
into  the  tube.  The  surface  of  water  exposed  to  the  radiant 
heat  of  the  fire  was  sixteen  square  feet ;  and  that  exposed  to 
the  action  of  the  heated  air  and  flame  was  about  seventy-five 
square  feet.  Tlie  magnitude  of  the  grate,  or  sheet  of  burn- 
ing fuel  whicli  nuliaCed  heat,  was  ten  square  feet. 

(190.)  The  Novelty,  of  Messrs.  Braithwaite  and  Ericson, 
is  represented  iii^t/.  92. ;  oikd  a  section  of  the  generator  and 
boiler  ia  exhibited  in  Jig.  93. ;  the  corresponding  parta  in  the 
two  figures  are  marked  by  x\v:  same  letters. 


A 


/Tj.  9B. 
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h  is  the  generator  or  receiver  containing  the  steam  which 
works  the  eugiiic ;  lliis  communicates  with  a  lower  generator 
B,  which  extends  in  a  horizoiktal  direction  the  entire  length 
of  the  carriage.  Within  the  generator  a  is  contained  the 
furnace  p,  which  commuuicates  In  a  tube  c,  carried  up 
through  the  generator,  and  terminated  at  the  top  by  sliding 
shutters,  which  exclude  the  air,  and  which  are  only  opened 
to  supply  fuel  to  the  grate  f.  fielow  the  grate  the  furnace 
is  not  open,  as  usual,  to  the  atmosphere,  but  communicateSf 
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hy  a  tube  e,  with   a  bellows  n;  which  is  worked  by  (k§ 
engine^  and  which  forces  a  constant  stream  of  air,  br  thu 


tabe  r.,  through  the  fuel  on  p,  so  as  to  keep  tliat  fuel  in  mi 
combustion.  The  heated  air  rontained  in  the  furnace  t  k 
driven  on,  b^  the  name  force,  Uiroi^h  a  small  cutvkI  tabr 
marked  t,  which  circnlatci  like  a  wonn  (ai  rcpresenled  it 
fip.  03.)  through  till*  horizontal  generator  or  rpceivrr;  and, 
tapering  gradually,  until  reduced  to  toit  small  dimenaiaoa,  it 
finally  issues  into  the  chimney  g.  The  air  in  passing  akqg 
this  tube,  imparts  its  heat  to  the  water  by  which  the  tube  ii 
surrounded,  and  is  brought  to  a  considerably  reduced  ten* 
peralure  when  discharged  into  tlie  cliimney.  The  cylinder, 
which  ia  represented  at  K,  works  one  pair  of  wheels,  by 
menm  of  a  bell-crank,  the  other  pair,  when  aeccatMry,  being 
connected  witli  them. 

In  this  engine,  the  magnitude  of  the  surface  of  bumii^ 
fuel  on  the  grate-bars  is  less  than  two  square  feel ;  the  ma- 
face  exposed  to  radiant  beat  is  nine  and  a  half  stjuare  feet; 
and  the  surface  of  water  exposed  to  heated  air  is  about  thirty- 
tlLrce  square  feet. 

The  superiority  of  the  Rocket  may  be  attributed  chiefly  M 
the  greater  quantity  of  surface  of  the  water  which  is  cJCposi'd 
to  the  action  of  the  fire.  With  a  less  extent  of  gmte-fatn 
than  the  Sansporeil,  in  the  proportion  of  three  to  five,  it  ex- 
poses  a  greater  siirface  of  water  to  radiant  heat,  in  the  po 
portion  of  four  to  three ;  and  a  greater  surjace  ai  wator  to 
heated  uir,  in  the  pn)portion  of  more  than  three  to  two.  It 
was  found  that  the  Rocket,  compared  with  the  Sanspareit,  eeo- 
nnned  fuel,  in  the  eraporatioa  of  a  given  quantity  of  water. 
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ID  the  proportion  of  eleven  to  twenty-eight.  The  sn^estion 
of  using  the  tubes  to  conduct  through  the  water  the  heated 
air  to  the  cliinmey  is  due  to  Mr.  Booth,  treasurer  of  the  Liver- 
pool Mid  Manchester  Railway  Company. 

(191.)  The  object  to  be  eflectcd  in  the  boilers  of  these 
engines  is,  to  keep  a  small  quantity  of  water  at  on  excessive 
temperature,  by  means  of  a  small  quantity  of  fuel  kept  in 
the  most  active  state  of  combustion.  To  accomplish  thin,  it  is 
noccssary,  first,  so  to  shape  the  boiler,  furnace,  and  flues,  that 
the  water  shall  be  in  contact  with  as  extensive  a  surface 
as  possible,  every  part  of  which  is  acted  on,  either  imme- 
diately, by  the  heat  radiatiu)^  from  the  fire,  or  mediately,  by 
the  air  which  has  passed  through  the  fire,  and  which  finally 
nuhea  into  the  chimney :  and,  HCConcUy,  that  such  a  forcible 
dniUf^ht  should  be  maintained  in  the  furnace,  that  a  quantity 
of  heat  shall  be  extricated  from  the  fuel,  by  combustion,  suffi- 
cient to  maintain  the  water  at  the  necesftary  temperature,  ajid 
to  produce  the  steam  with  sufficient  rapidity.  To  accomplish 
these  objects,  therefore,  tbe  chamber  containing  the  grate 
should  be  completely  surrounded  by  water,  and  should  be 
below  the  level  of  the  water  in  the  boiler.  The  magnitude 
of  the  surface  exposed  to  radiation  should  be  as  great  as  is 
consistent  with  the  whole  magnitude  of  the  machine.  The 
comparative  advantage  which  the  Kocket  possessed  in  these 
respects  over  the  other  engines  will  he  evident  on  inspection. 
In  the  next  place,  it  is  necessary  that  the  heat,  which  is  ab- 
sorbed by  the  air  passing  through  the  fuel,  and  keeping  it 
in  a  state  of  combustion,  should  be  transferred  to  the  water 
before  the  air  escapes  into  the  chimney.  Air  being  a  bad 
conductor  of  heat,  to  accomplish  this  it  is  necessar}'  that  the 
air  in  the  flues  should  be  exposed  to  as  great  an  extent  of  sur- 
face in  contact  with  the  water  as  possible.  No  contrivance 
can  be  less  adapted  for  the  attainment  of  this  end  than  one  or 
two  large  tubes  traversing  the  boiler,  as  in  the  earliest  loco- 
motive engines:  the  body  of  air  which  passed  through  the 
centre  of  these  tnhes  had  no  contact  witli  their  surface,  and, 
consequently,  passed  into  the  chimney  at  nearly  the  same 
temperature  as  that  which  it  had  when  it  quitted  the  fire. 
The  only  portion  of  air  which  imparted  its  heat  to  the  water 
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was  that  portion  which   passed  next  to  the  mirfsce  of  tke 
tube. 

Several  methods  suggest  theniselves  to  increa»e  the  mrfwa 
of  water  in  contact  with  a  given  quantity  of  air  passing  through 
it.  This  would  be  accomplished  hy  causing  the  air  to  pui 
between  plates  placed  near  each  other,  so  as  to  divide  the 
current  into  thin  strata,  having  Uetwi-cn  them  strata  of  water, 
or  it  might  be  made  to  pass  between  tubes  difienng  sligliUy 
in  diameter,  the  water  passing  through  an  inner  tube,  and 
being  aUo  in  contact  with  the  external  surface  of  the  outer 
tube.  Such  a  mctliod  would  be  similar  iu  principle  to  tbc 
steam-jacket  used  in  Watt's  steam  engines,  or  to  tlie  can- 
denser  of  Cartwright's  engine  already  described.  But.  conn- 
dering  the  facility  of  cuiuitructiug  small  1uIk-s,  and  of  pUciag 
them  in  tlie  boiler,  that  method,  perhaps,  is,  on  tlie  wbok^  _ 
the  best  iu  practice ;  although  Uie  shape  of  a  tube,  B**"^^^! 
trically  considered,  is  most  unfavourable  for  the  exposurifvP 
a  fluid  contained  in  it  to  itii  surface.  The  air  wliich  ji^sscs 
fn»n  the  fire-chamber,  being  sulidivided  as  it  passes  through 
the  boiler  by  a  great  number  of  very  small  tubes,  may  be 
made  to  impart  all  its  excess  of  heat  to  the  water  brfore  it 
issues  into  the  chimney.  This  is  all  which  the  most  rrtiiied 
contrivance  con  eflVct.  The  llookel  engine  was  travcrvrd  by 
twenty-five  tubes,  eacli  three  inches  in  diameter;  and  the 
principle  has  since  been  carried  to  a  much  greater  extetiL 

The  abstraction  of  a  great  (juantity  of  heat  from 
before  it  reaches  tiu*  chimney  is  atti-nded  witli  one 
quence,  whicli,  at  first  view,  would  present  a  difficulty  a]qM* 
rently  insurmountable ;  the  chimney  would,  in  fact,  loae  it* 
power  of  draught.  Tliis  diiiiculty,  however,  was  remored  by 
using  the  waste  steam,  which  had  passed  from  the  cyliiufef 
after  working  the  engine,  for  the  pur|io9c  of  producing  ■ 
draught.  Tliis  steam  vra*  urged  through  a  jet  presented  up* 
wards  in  the  chimney,  and  driven  out  with  such  force  in  that 
directiou  us  tu  create  a  suflicient  draught  to  work  the  furnace. 

It  will  Iw  obsened  that  the  principle  of  draught  in  the  NV 
velty  is  totally  distinct  from  this :  in  that  engine  the  dnu^i 
is  produced  by  a  heUows  worked  by  the  engine.  The  queslioo, 
as  far  as  rehites  to  ihcK  two  methods,  is,  whether  more  powef 


WASTE    STEAM    BLOWS    THE    FIRE. 


353 


is  lost  in  supplying  the  steam  through  the  jet,  as  in  tlie 
Rocket,  or  in  working  the  bellows,  as  in  the  Novelty.  The 
force  requisite  to  impel  tlie  steam  through  the  jet  must  be 
exerted  by  the  returning  stroke  of  the  piHton,  and,  conse- 
quently, must  rob  the  working  cfl'cct  to  an  equivalent  amount. 
On  the  other  hantl,  the  power  requisite  to  work  the  bellows 
in  the  Novelty  must  be  subducted  from  the  available  power 
of  the  engine.  The  former  method  has  been  hitherto  found 
to  be  the  more  effectual  and  econouiical. 

The  importance  of  these  details  will  be  understood,  when 
it  ia  considered  that  the  only  limit  tu  the  attainment  of 
speed  by  locomotive  engines  is  the  power  to  produce,  in  a 
given  time,  a  certain  quantity  of  steam.  Each  stroke  of  the 
piston  causes  one  revolution  of  the  wheels,  and  consumes 
four  cylinders  full  of  steam :  consequently,  a  cylinder  of 
steam  corresponds  to  a  certain  number  of  feet  of  road  tra- 
velled over :  hence  it  ia  that  the  production  of  a  rapid  and 
abundant  supply  of  heat,  and  the  imparting  of  that  heat 
quickly  and  effectually  to  the  water,  is  the  key  to  the  solution 
of  the  problem  to  construct  an  engine  capable  of  rapid  motion. 

The  method  uf  subdividing  the  flue  into  tubes  was  carried 
much  further  by  Mr.  Stephenson  after  the  construction  of 
the  Rocket ;  and,  indeed,  the  principle  was  so  ob\ious, 
it  is  only  surprising  thai,  in  the  hrst  instance,  tubes  of 
smaller  diameter  than  three  inches  were  not  used.  In  en- 
gines since  constructed,  the  number  of  tubes  vary  from 
ninety  to  one  hundred  and  twenty,  the  diameter  being 
reduced  to  two  inches  or  less ;  and  in  some  instances  tubes 
have  been  introduced,  even  to  the  number  of  one  Hundred 
and  fifty,  of  one  and  a  half  inch  diameter.  In  the  Meteor, 
twenty  square  feet  are  exposed  to  radiation,  and  one  hun- 
dred and  thirty-nine  to  the  contact  of  heated  air;  in  tiie 
Arrow,  twenty  square  feet  to  radiation,  and  one  hmidred  and 
forty-five  to  the  contact  of  heated  air.  The  superior  eco- 
nomy of  fuel  gained  by  this  means  will  be  apparent  by 
inspecting  the  following  table,  which  exhibits  Uie  consump- 
tion of  fuel  which  was  requisite  to  convey  a  ton  weight  a 
mile  in  each  of  four  engines,  expressing  also  the  rate  of  the 
motion :  — 
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Engl  no. 

Av«ragv  fUle  of 

Speed  in  Milci  per 

Hour. 

Cofnntmptim  af  C4k» 

in  pMwdt  par  Ta 

ptrMil*. 

No.  1.  Kocket 
8.  SanspBTcil 

3.  rh(tnir     - 

4.  Arrow 

14 
13 
18 

8^1 

(192.)  Since  the  period  at  which  this  railway  was  opened 
for  the  actual  purposes  of  transport,  the  locomotiTe  enginot 
have  heen  in  a  state  of  piogrcssive  improvement.  Scarcely 
ft  montli  has  jwissed  without  suggesting  some  change  in  the 
details,  by  wliich  fuel  might  be  econoiniaedf  tlie  production 
of  steam  rendered  more  rapid,  the  wear  of  the  engine  ren- 
dered slower,  the  proportionate  strength  of  the  different 
parts  improved,  or  some  other  desirable  end  obtained. 

Engines  constructed  in  the  form  of  the  Rocket,  were  sub- 
ject to  two  principal  defects.  The  cylinders,  being^  placed 
outside  the  engine,  were  exposed  to  the  cold  of  the  atmo- 
sphere, which  produced  a  waste  of  heat  mora  or  leas  consider* 
able  by  condensation.  The  points  at  which  the  power  of  the 
steam  to  turn  the  wheels  was  applied,  being  at  the  extremities 
of  the  axle  and  on  the  exterior  of  the  wheel,  a  considerable 
strain  was  produced,  owing  to  the  distance  of  the  point  of  a(»> 
plication  of  the  power  from  the  centre  of  reBiatanoe.  If  it 
were  possible  that  the  impelling  power  could  act  in  draw- 
ing the  train  at  oil  times  with  equal  energy  on  both  sides  of 
the  engine,  then  no  injurious  strain  would  be  produced;  but 
from  the  relative  position  of  the  points  on  the  opposite  wbeeb 
to  which  it  was  necessary  to  attach  the  connecting  rods,  it 
was  inevitable  that,  at  the  moment  when  one  of  the  {nstons 
exerts  its  full  power  in  driving  the  wheel,  the  other  piston 
must  be  altogether  uiactive.  The  impelling  power,  therelbn^ 
at  alternate  momenta  of  time,  acted  on  opposite  wheels,  and 
on  each  of  them  at  the  greatest  possible  distance  from  tkt 
centre  of  the  axle. 

(193.)  The  next  step  in  the  improvement  of  the  machine 
was  made  with  a  view  to  remove  these  two  defects.  The  cy- 
linders were  transferred  from  the  exterior  of  the  engine  to  ths 
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interior  of  the  casing  called  the  smoke-box,  b,^^.  94-.,  which 
supports  the  chimney,  and  which  receives  the  heated  air  is- 
suing &om  the  tubes  which  traverse  the  boiler.  Thus  placed, 
the  cylinders  are  always  maintained  as  hot  as  the  air  which 
issues  from  the  flues,  and  all  condensation  of  steam  by  llieir 
exposure  is  prevented.  The  piston-rods  are  likewise  bronght 
closer  together,  and  nearer  tlie  centre  of  the  engine ;  the 
connecting  rods,  no  longer  attached  to  the  wheels,  are 
made  to  act  upon  two  cranks  constructed  upon  the  axle 
of  the  wheels^  and  placed  at   right  angles  to  each   other. 


f^.04. 


c  o 
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rrom  the  position  of  these  cranks,  one  wouJd  always  be 
at  its  dead  point  when  the  other  is  in  full  action.  The 
action  of  the  steam  upon  them  would,  therefore,  be  ge- 
nerally unequal ;  but  this  would  not  produce  the  samo 
strain  as  when  the  connecting  rods  are  attached  to  points 
upon  the  exterior  of  the  wheels,  owing  to  the  cranks  being 
constructed  on  the  axle  at  points  so  much  nearer  its  centre. 

Jy  this  means  it  was  found  that  the  working  of  the  machine 
'was  more  even,  and  productive  of  much  less  strain,  than  in  the 
arrangement  adopted  in  the  Rocket,  and  the  earlier  engines. 
On  the  other  hand,  a  serious  disadvantage  was  incurred  by  a 
double-cranked  axle.  The  weakness  necessarily  arising  from 
such  a  form  of  axle  could  only  be  removed  by  great  thickness 
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tmd  weight  of  metal ;  and  even  lliU  precaution,  at  fint,  did  not 
prevent  their  occasional  fracture.  The  forging  of  them  ww, 
however,  subsequently  much  improved :  the  cranlu,  instead  of 
being  formed  hy  bending  the  metal  when  softened  by  hctl, 
were  made  by  cutting  the  square  of  the  crank  out  of  tho  aolid 
metal ;  and  now  it  rarely  happens  that  one  of  these  Jttki 
fails. 

The  adoption  of  smaller  tubes,  and  a  greater  number  of 
them,  with  a  view  more  perfectly  to  extract  the  heat  from  th* 
air  in  passing  to  tlie  chimney,  rendered  a  more  forcible  drift 
necesaary.  This  was  accomplished  by  the  adoption  of  a  man 
contracted  blast-pipe  lending  from  tlie  cduction^lpes  of  tht 
cylinders  and  presented  up  the  chimney.  A  represents tioB 
of  such  a  blast-pipe,  vniU  the  two  tubes  leading  from  the  cy- 
linders and  uniting  together  near  the  point,  which  is  pre* 
sented  up  the  chimney,  is  given  at  pp  in  ^g.  lOi.  Tho  en- 
gine thus  improved  is  represented  in^g.  94. 

A  represents  the  cylindrical  boiler,  the  lower  half  of  which 
is  traversed  by  tubes,  as  described  in  the  Rocket.  They  ut 
usually  from  eighty  to  one  hundred  in  number,  and  about  an 
inch  and  u  half  in  diameter ;  the  bolter  is  about  seven  feet 
in  length  ;  the  fire-chamber  is  attached  to  one  end  of  it,  at  r, 
as  in  the  Rocket,  and  similar  in  construction  i  the  cylinden 
are  inserted  in  a  chamber  at  the  other  end,  immediately  ander 
the  chimney.  The  piston-rods  are  supported  in  the  horizoatal 
position  by  guides;  and  connecting  rods  extend  from  them, 
under  the  engine,  to  the  two  cranks  placed  on  the  axle  of  the 
large  wheels.  The  effects  of  an  inequality  in  the  road  are 
counteracted  by  springs,  on  which  the  engine  rests;  the 
springs  being  below  the  axle  of  the  great  wheels,  and  abon 
that  of  the  less.  The  steam  is  supplied  to  the  cylinders,  and 
withdrawn,  by  means  of  the  common  sliding  valves,  which  are 
worked  by  an  eccentric  wheel  placed  on  the  axle  of  tlie  taige 
wheels  of  tho  carriage.  The  motion  is  communicated  from 
thig  eccentric  wheel  to  the  valve  by  sliding  rods.  The  stand 
is  placed  for  the  attendant  at  the  end  of  the  engine,  next  the 
fire-place  f;  and  two  levers  l  project  from  the  end  which 
communicate  with  the  valves  by  means  of  rods,  by  which  the 
engine  is  governed  so  as  to  reverse  the  motion. 
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The  wheels  of  these  engines  have  been  commonly  con- 
structed of  wood  with  strong  iron  ties,  furnished  with  flanges 
adapted  to  the  raits.  But  Mr.  Stephenson  aftcnvard  substi- 
tuted, in  some  instances,  wheels  of  iron  with  hollow  spokes. 
The  engine  draws  after  it  a  tender  carriage  containing  the  fuel 
and  water ;  and,  when  carrying  a  light  load,  is  capable  of  per- 
forming the  whole  journey  from  Liverpool  to  Manchester 
without  a  fresh  supply  of  water.  Mlien  a  heavy  load  of  mer- 
chandise is  drawn,  it  ia  usual  to  take  in  water  at  tlie  middle 
of  the  trip. 

(194.)  In  reviewing  all  that  has  been  stated,  it  will  be  per- 
ceived that  the  efiicieucy  of  the  locomotive  engines  used  on 
this  railway  is  mainly  owing  to  three  circumstances :  1  st,  The 
unlimited  power  of  draft  in  the  funiace,  by  projecting  the 
waste  steam  into  the  chimney;  2d,  The  almost  unlimited  ab- 
straction of  iicat  from  the  air  passing  from  the  furnace,  by 
arrangement  of  tubes  traversing  the  boiler ;  and,  3d,  Keep- 
ing the  cylinders  waim,  by  iuimersltig  them  in  the  chamber 
under  the  chimney.  There  are  many  minor  details  which 
might  be  noticed  with  approbatiou,  but  these  constitute  the 
main  features  of  the  improvements. 

The  successive  introduction  of  improvements  in  the  en- 
gines, some  of  which  we  have  mentioned,  was  accompanied 
by  corresponding  aecessious  to  theic  practical  power,  and  to 
the  economy  of  fuel.  In  the  spring  of  the  year  I83!2, 1  made 
several  experiments  on  tliu  Manchester  Railway,  with  a  view 
to  determine,  in  the  actual  state  of  the  locomotive  engines  at 
that  time,  their  powers  with  respect  to  the  amount  of  load 
and  the  economy  of  fuel,  from  which  I  select  the  following 
u  examples :  — 


I. 


On  Saturday,  the  5th  of  May,  the  engine  called  the  "Vic- 
tory'' took  20  waggons  of  merchandise,  weighing  gross  02 
tons  19  cwt.  I  qr.,  together  with  tht:  lender  containing  fuel 
and  water,  of  the  weight  of  which  I  have  no  account,  from 
Liverpool  to  Manchester  (MO  miles),  in  1  h.  Ui  miii.  45  sec. 
The  train  stopped  to  take  in  water  half-way,  for  10  minutes, 
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f  2\j[  miles  an  hour;  fall  of  G  feet  In  a  m'llr, 
ao  hour;  on  the  me  over  Chatnioss,  8fe<rtinA 


not  included  in  the  above-mentioned  time.  On  tho  inclined 
plane  rising  1  in  96,  and  extending  1^  mile,  the  engine  wm 
assisted  by  another  engine  called  the  **  Sanisun,"  and  the  a^ 
cent  was  performed  in  9  minutes.  At  starting,  tho  fire-place 
was  well  filled  with  coke,  and  the  coke  supplied  to  the  tender 
accurately  weighed.  On  arriving  at  Manchester,  the  tire-pUce 
was  again  filled,  and  the  coke  remaining  in  the  tender  weighed. 
The  consumption  was  found  to  amount  to  929  pounds  net 
weight,  being  at  the  rate  of  one  third  of  a  pound  per  ton  per 
mile. 

Speed  on  the  level  was  18  miles  an  hour;  on  a  fall  of  4 
feet  in  a  mile 
25^  miles 

mile,  17f  miles  an  hour  ;  on  level  'ground  sheltered  from  the 
wind,  i^  miles  an  hour.  Tho  wind  was  moderate,  but  direct 
ahead.  The  working  wheels  slipped  three  times  on  Cliit- 
moss,  and  the  train  was  retarded  from  S  to  3  minutes. 

The  engine,  on  this  occasion,  was  not  examined  before  or 
after  the  journey,  but  was  presumed  to  be  in  good  wur! 
order. 


IL 


On  Tuesday,  the  8th  of  May,  the  same  engine  perii 
the  same  journey,  vrith  20  wagons,  weighing  gross  90  tons 
7  cwt.  2  qrs.,  exclusive  of  the  unascertained  weight  of  the 
tender.  The  time  of  the  journey  was  I  h.  il  min.  The  coH' 
sumption  of  coke  lOlOlbs.  net  weight,  estimated  as  beHoce. 
Rate  of  speed :  — 


Level 

Fall  of  4  feet  in  a  mile 

(J 

Rise  of  8 


-  17|  miles  per  hour. 

-  32 

-  £2| 

-  15 


On  this  occasion  there  was  a  high  wind  ahead  on  the  qusr- 
tcr,  and  the  connecting  rod  worked  hot,  owing  to  baring 
been  keyed  too  tight.  On  arriving  at  Manchester,  ]  caused 
the  cylinders  to  be  opened,  and  found  that  the  pistons  wen 
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so  lofue,  that  the  steam  blew  through  the  cylinders  witU 
great  violence.  By  this  cause,  therefore,  tlic  machine  was 
robbed  of  a  part  of  its  power  during  the  journey;  and  this 
circumstance  may  explain  the  slight  decrease  in  speed,  and  in- 
crease in  the  consumption  of  fuel,  with  a  lighter  load,  in  this 
journey,  compared  with  that  performed  on  the  5th  of  May. 

The  Victory  weighs  8  tons  2  cwt,  of  which  5  tons  4  cwt. 
r«t  on  the  drawing  wheels.  Tlic  cylinders  are  II  inches 
diameter,  and  16  inches  stroke,  and  the  diameter  of  the  draw- 
ing wheels  is  5  feet. 


K 


III. 


On  tlie  29th  of  May,  the  engine  called  the  "  Samson " 
(weighing  10  tons  2  cwt.,  with  14-inch  cylinders,  and  IG-inch 
stroke ;  wheels  4  feet  6  inches  diameter,  both  pairs  being 
worked  by  the  engine;  steam  50  lbs.  pressure,  130  tubes) 
was  attached  to  50  waggons,  laden  with  merchandise  ;  net 
weight  about  150  tons;  gross  weight,  including  waggons, 
S23  tons  6  cwt.  The  tender  weighed  7  tons,  making  a  gross 
load  (including  the  engine)  of  240  tons  S  cwt.  The  engine 
with  this  load  travelled  from  Liverpool  to  Manchester  (30 
miles)  in  2  hours  and  40  mln.,  exclusive  of  delays  upon  the 
rood  for  watering,  Sec;  being  at  the  rate  of  nearly  12  miles 
an  hour.  The  speed  varied  according  to  the  incUnations  of 
the  road.  Upon  a  level,  it  was  12  miles  an  hour;  upon  a 
descent  of  6  feet  in  a  mile,  it  was  16  miles  an  hour ;  upon  a 
rise  of  8  feet  in  a  mile,  it  \^as  about  i)  miles  an  hour.  The 
weather  was  calm,  the  Tails  very  wet ;  but  the  wheels  did  not 
slip,  even  in  the  slowest  speed,  except  at  starting,  the  rails 
being  at  that  place  soiled  and  greasy  with  tlie  sUiue  and  dirt 
to  which  they  are  always  exposed  at  the  stations.  The  coke 
consumed  in  this  journey,  exclusive  of  what  was  raised  in 
getting  up  the  steam,  was  1762  lbs.,  being  at  the  rate  of  a 
quarter  of  a  pound  per  ton  per  mile. 

(195.)  The  great  original  cost,  and  the  hea\'y  expense  of 
keeping  the  engines  used  on  the  railway  in  repair,  have  pressed 
severely  on  the  resources  of  the  undertaking.  One  of  the  best 
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constructed  of  the  later  engines  costs  originally  1500/.  and 
sometimes  more.  The  originat  cost,  bowoTcr,  is  for  from  being 
the  principal  source  of  expense  :  the  wear  and  tear  of  then 
machines^  and  the  occasional  fracture  of  those  parts  on  which 
the  greatest  strain  has  been  laid,  have  greatly  exceeded  what 
the  directors  had  anticipated.  Although  this  source  of 
expense  must  be  in  part  attributed  to  the  engines  not  haring 
yet  Attained  that  state  of  perfection.  In  the  proportion  and 
adjustment  of  their  parts,  of  which  they  are  susceptible,  and 
to  which  experience  alone  can  lead,  yet  there  are  some  ob- 
vious defects  which  demand  attention. 

The  heads  of  the  boilers  are  flat,  and  formed  of  iron, 
similar  to  the  material  of  the  boilers  themselves.  The  tubs* 
which  traverse  the  boiler  were,  until  recently,  copper*  and  so 
inserted  into  the  flat  head  or  end  as  to  be  water-tight 
When  the  boiler  was  heated,  tlie  tubes  were  found  to  expand 
in  a  greater  degree  than  the  other  parts  of  the  boiler;  which 
frequently  caused  thcui  either  to  be  loosened  at  the  extre- 
mities, so  as  to  cause  leakage,  or  to  bend  from  want  of  rooa 
for  expansion.  The  necessity  of  removing  and  refasteoing 
the  tubes  caused,  therefore,  a  constant  expense. 

It  will  be  recollected  that  the  fire-place  is  situated  at  one 
end  of  the  boiler,  immediately  below  the  mouths  of  the 
tubes :  a  powerful  draA  of  air,  passing  through  the  fire, 
carries  with  it  ashes  and  cinders,  which  are  driven  violently 
through  the  tubes,  and  eapecially  the  lower  ones,  situated 
near  the  fuel.  These  tubes  are,  by  lliis  means,  subject  to 
rapid  wear,  the  cinders  continually  acting  upon  their  interior 
surface.  After  a  short  time  it  becomes  necessary  to  replaeo 
single  tubes,  according  as  they  arc  found  to  be  worn,  by  new 
ones;  and  it  not  unfiequently  hnp[>enB,  when  this  ia  D<y» 
lected,  that  tubes  burst.  After  a  certain  length  of  time  tb» 
engines  require  new  tubing.  This  wear  of  the  tubes 
might  possibly  be  aroidcd  by  constructing  the  fire-plaof 
in  a  lower  position,  so  as  to  be  more  removed  from  their 
mouths;  or,  still  more  effectually,  by  interposing  a  casing 
of  metal,  which  might  be  filled  with  water,  between  the 
fire-place  and  those  tubes  which  arc  the  most  exposed  to 
the  cinders  and  ashes.     The  unequal  expansion  of  the  tubn 
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and  boilers  appears  to  be  an  inciurable  defect,  if  the  present 
form  of  the  engine  be  retained.  If  ihe  fire-place  and  chim- 
ney could  be  placed  at  the  same  end  of  the  boiler,  so  that 
the  tubes  might  be  recurved,  the  unequal  expansion  would 
then  produce  no  injurious  effect ;  but  it  would  be  difficult  to 
clean  the  tubes,  if  they  were  exposed,  as  they  are  at  present, 
to  the  cinders.  The  next  source  of  expense  arises  from  the 
wear  of  the  boiler-heads,  which  are  exposed  to  the  action 
of  the  fire. 

A  considerable  improvement  was  subsequently  introduced 
into  the  method  of  tubing,  by  subatituting  brass  for  copper 
tubes.  I  am  not  aware  that  the  cause  of  this  improvement 
has  been  discovered  ;  but  it  is  certain,  whatever  be  the  cause, 
that  brass  tubes  are  subject  to  considerably  slower  wear  than 
copper  ones.  /^ 

(19ti.)  The  expense  of  locomotive  power  having  so  far  ex- 
ceeded what  was  anticipated  at  the  commenccraent  of  the  un- 
dertaking, it  was  thought  advisable,  about  the  beginning  of  the 
year  1834,  to  institute  an  inquiry  iuto  the  causes  which  pro- 
duced the  discrepancy  between  the  estimated  and  actual 
expenses,  witli  a  view  to  the  discover,'  of  same  practical 
means  by  which  they  could  be  reduced.  The  directors  of 
the  company,  for  this  purpose,  appointed  a  sub-committee  of 
their  own  body,  assisted  by  Mr.  Booth,  their  treasurer,  to 
inquire  and  report  respecting  the  causes  of  the  amount  of 
this  item  of  their  expenrliture,  and  to  ascertain  whether  any 
and  what  measures  could  be  devised  for  the  attainment  of 
greater  economy.  A  very  able  and  satisfactory  report  was 
made  by  this  committee,  or,  to  speak  more  correctly,  by  Mr. 
Booth. 

It  appears  that,  previous  to  the  establishment  of  the  railway, 
Messrs.  Walker  and  Raatrick,  engineers,  were  employed  by  the 
company  to  visit  various  places  where  steam  power  was  applied 
on  railways,  for  the  purpose  of  forming  an  CBtimate  of  the 
probable  compiiralive  expense  of  working  the  railway  by  loco- 
motive and  by  fixed  power.  These  engineers  reconuucndcd  the 
adoption  of  locomotive  power;  and  their  estimate  was,  that  the 
transport  might  be  effected  at  t)ie  rate  of '278  of  a  penny,  or 
very  Uttle  more  than  a  farthing  per  ton  per  mile.     In  the  year 
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1833,  five^-eon  after  this  inTesttgation  took  place,  it  vas  found 
tliat  the  actual  cost  was  '025  of  a  pcuny,  or  sonicthuig  mora 
than  a  halfpenny,  per  ton  per  mile,  being  considerably  above 
double  the  estimated  rale.  Mr.  Booth  very  properly  directed 
his  inquiries  to  ascertain  the  cause  of  this  discrepan^t  by 
comparing  the  various  circunutances  assumed  by  Me«oi. 
Walker  and  Rastrick,  in  making  their  estimate,  with  tboN 
under  which  tlie  transport  was  actually  eflected.  The  fitvt 
point  of  difl'crence  which  he  obsen-ed  was  the  speed  of  trans- 
port: the  estimate  was  founded  on  an  assumed  speed  often 
miles  an  hour,  and  it  was  stated  that  a  four-fold  Bpe«d  would 
require  an  addition  of  50  per  cent,  to  the  power,  without 
taking  into  account  wear  and  tear.  Now,  the  actual  ipeed 
of  transport  being  double  the  speed  assumed  in  the  state- 
ment, Mr.  Booth  holds  it  to  be  necessary  to  add  25  per  ocoL 
on  that  score.  ' 

The  next  point  of  difference  is  in  the  amount  of  the  loads : 
tlic  estimate  is  founded  upon  the  assumption,  that  every  en- 
gine shall  start  with  its  full  complement  of  load,  and  that 
with  this  it  shall  go  the  whole  distance.  '*  The  facts,  bov< 
ever,  arc,"  says  Mr.  Booth,  '*  that,  instead  of  a  fuU  iotui  of 
profitable  carriage /rom  Manchester^  about  half  the  waggoas 
corw  back  empty  t  and,  instead  of  the  tonnage  being  conreyed 
the  whole  way,  many  timusand  tons  are  conveyed  only  half 
the  way ;  also,  instead  of  the  daily  work  being  uniform,  it  is 
extremely  fluctuating."  It  is  further  remarked,  that  in  order 
to  acompliiih  the  transport  of  goods  from  the  branchea  and 
from  intermediate  places,  engiues  are  despatched  several  timM 
a-day,  from  both  ends  of  the  line,  to  clear  the  road;  the  ob* 
jcct  of  this  arrangement  being  rather  to  lay  the  foundatioa 
of  a  benclicial  intercourse  in  future,  than  with  a  view  to  any 
immediate  profit.  Mr.  Booth  makes  a  rough  estimate  of  the 
disadvantages  arising  from  these  circumstances,  by  atating 
tlicm  at  33  per  cent,  in  addition  to  the  original  estimate. 

The  next  point  of  difference  is  the  fuel.  In  the  OTtginal 
estimate,  coai  is  assumed  as  the  fuel,  and  it  is  taken  at  tbt 
price  of  five  shiUiugs  and  ten-pence  per  ton :  now  tho  act  oi 
parliament  forbids  the  use  of  coal  which  would  produce  smoke; 
the  company  have,  therefore,  been  obliged  to  use  coke^  at  m^ 
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renteen  aHIUngs  and  sixpence  a  ton.*  Taking  coke,  then,  to 
be  equivalent  to  coal,  ton  for  ton,  this  would  add  '162  to  the 
original  estimate. 

These  several  discrepancies  being  allowed  for,  and  a  pro- 
portional amount  being  added  tu  the  original  estimate,  the 
amount  would  be  raised  to  '601  of  a  penny  per  ton  per  mile, 
which  is  within  one  fortieth  of  a  penny  of  the  actual  cost. 
This  diflcreiice  is  considered  to  be  sufficiently  accounted  for 
by  the  wear  and  tear  produced  by  the  very  rapid  motion, 
more  especially  when  it  is  considered  that  many  of  the  en- 
gines were  constructed  before  the  engineer  was  aware  of  the 
great  speed  that  would  be  required. 

•*  What,  then,"  says  Mr.  Booth,  in  the  Report  already  al- 
luded to,  "  is  the  result  of  these  opposite  and  mutually  coun- 
teracting circumstances  ?  and  what  is  the  present  position  of 
the  company  in  respect  of  their  moving  power  ?  Simply, 
that  they  are  still  in  a  course  of  experiment,  to  ascertain 
practically  the  best  construction,  and  the  most  durable  ma- 
terials, for  engines  required  to  transport  greater  weights,  and 
at  greater  velocities,  than  had,  till  very  recently,  been  con- 
sidered possible  ;  and  which,  a  few  years  ago,  it  had  not 
entered  Into  the  imagination  of  the  most  daring  and  san- 
guine inventor  to  conceive :  and  farther,  that  these  experioients 
have  necessarily  been  made,  not  with  the  calm  delibcratiou 
and  quiet  pace  which  a  salutary  caution  recommends, — making 
good  each  step  in  the  progress  of  discovery  before  advancing 
another  stage,  —  but  amidst  the  bustle  and  responsibilities  of 
a  large  and  increasing  trallic ;  the  directors  being  altogether 
ignorant  of  the  time  each  engine  would  last  before  it  would 
be  laid  up  as  inefficient,  but  compelled  to  have  engines,  whe- 
ther good  or  bad;  being  aware  of  various  defects  and  imper- 
fections, which  it  was  impossible  at  the  time  to  remedy,  yet 
obliged  to  keep  the  machines  in  motion,  under  all  the  disad- 
vantages of  heavy  repairs,  constantly  going  on  during  the 
night,  in  order  that  the  requisite  number  of  engines  might 
be  ready  for  the  morning's  work.  Neither  is  this  great  experi- 
ment yet  complete ;  It  is  still  going  forward.  But  the  most  pro- 
minent difliculties  have  been  in  a  great  measure  surmounted, 
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and  your  committee  conceive  tliat  they  are  warranted  in 
expecting,  that  the  expenditure  in  this  departinent  will,  m 
)(»ig,be  materially  reduced, — more  especially  when  they  con- 
sider the  relative  performances  of  the  engines  at  tiie  prtatai 
timet  compared  with  what  it  was  two  years  ugo.** 

lu  the  half  year  ending  31st  Decembefj  1831  j  the  six  b«kt 
engines  performed  as  follows :  — 


Planet 0,088 

Mercury IJ.OIO 

Jupiur  ......  11.018 

Siitum  -           •           -        '  -           -           -  ll.7»e 

Venus I8J8M 

£tm 8,7** 

Making  in  ill            -            -            -  e6/>M 


In  the  half  year  ending  31st  December,  1833,  the  six  best 
engines  performed  as  follows :  — 

MB*. 

Jupiter  -..-..  IS^n 

Sanim  ......  \tyfil9 

Sun 14,&n 

Etna 17,7«S 

Ajax  ......  II.a78 

Firefly Mfim 

Making  in  all  .  -  .    9&jAii 


(197.)  Since  the  date  to  which  the  preceding  observmtiogM 
refer,  the  locomotive  engine  has  undergone  several  imprarv* 
menu  in  detail  of  considerable  importance ;  among  which,  dM 
addition  of  a  third  pair  of  wheels  deserves  to  be  partit 
mentioned.  An  engine  supported  on  tlircc  pair  of  wbeeU 
great  security  in  the  event  of  the  fracture  of  any  one  of  tW 
axles, —  the  remaining  oxtcs  and  wheels  being  sulticieut  for  Um 
support  of  the  machine.  Connected  with  this  change  is  ano- 
ther, recommended  by  Mr,  Robert  Stephenson,  by  which  the 
flanges  are  removed  from  the  driving  wheels,  those  upon  tbe 
remaining  pairs  of  wheels  being  suihcicnt  to  keep  the  cngiiM 
in  iu  position  upon  the  rails.  Wc  shall  now  describe  « lo- 
comotive engine   similar   in   construction    to  thoae  aliDOit 


MOST    RECENT    LOCOMOTIVE   EXGINES. 


365 


universally  used  at  present  on  raiEroads,  as  well  in  this  king- 
dom as  in  other  countries.* 

The  external  appearance  of  the  engine  and  tender  is  shown 
in  the  engraving  at  the  head  of  this  chapter.  In  fig.  97.  is 
exhibited  a  vertical  section  of  the  engine  made  by  a  plane 
carried  through  its  length;  and  in  Juf.  08.  is  exhibited  a  cor- 
responding section  of  it3  tender, — the  tender  being  supposed 
to  be  joined  on  to  the  engine  at  the  part  where  the  connect- 
ing points  appear  to  be  broken  in  the  drawing.  In^.  99.  is 
exhibited  the  plan  of  the  working  machinery-,  including  the 
cylinders,  pistons,  eccentrics,  &c.  which  are  under  the  boiler, 
by  the  operation  of  which  the  engine  is  driven.  Fig.  100. 
represents  the  tender,  also  taken  in  plan. 

\nfig.  lOl.  is  represented  an  ele^-ation  of  the  hinder  end  of 
the  engine  next  the  Sre-box  ;  and  in  fig.  102.  is  represented 
a  cross  vertical  section  through  the  fire-box,  and  at  right 
angles  to  the  length  of  the  engine,  showing  the  interior  of 
the  boiler  above  and  beside  the  fire-box,  the  rivets  and  bolts 
connecting  the  internal  and  external  &rc-boxes,  the  regu- 
lator, steam  funnel,  and  steam  dome. 

In  fig.  103.  is  represented  an  elevation  of  tlie  front  of  the 
engine  next  the  sraoke-box,  showing  the  cylinder  covers  w, 
buffers  t,  &c.  ;  and  \wfig.  104.  is  represented  a  section  of  the 
interior  of  the  smoke-box,  made  by  a  vertical  plane  at  right 
angles  to  the  engine,  showing  the  tube  plate  farming  the 
foremost  end  of  the  boiler,  the  branches  s  of  the  steam-pipe 
leading  to  the  cylinders,  the  blast-pipe  ^,  the  cylinders  h, 
and  the  chimney  g. 

The  same  letters  of  reference  are  placed  at  corresponding 
parts  in  the  different  figures. 

The  boiler,  as  has  been  explained  In  the  engines  already 
described,  is  a  cylinder  placed  upon  its  side,  the  section  of 
which  b  exhibited  at  K,  fig.  07.  The  fire-box  consists  of  two 
casings  of  metal,  one  within  the  other.  The  fire-grate  is  repre- 
sented at  D.  The  tubes  by  which  the  products  of  couibuslton  are 

*  I  am  indebted  to  the  cnlarjicil  edition  of  Tred^old  on  (lie  Steam  En- 
gine, publisbed  by  Mr.  Weole.  for  tlic  <Eraw)ngs  of  tliia  cngittc.  Tlie  ilctoils 
of  the  machine  arc  very  fully  given  in  that  wurk,  the  descriptiun  of  ihein 
being  luppUed  by  Mr.  Ste|)l)vngon  liiuiself. 
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drawn  from  the  fire-box  to  the  smoke-box  r  are  represented 
at  E,  Upon  the  smoke-box  13  erected  the  chimney  o.  In  tlM 
en^ne  from  which  this  drawinj^  has  been  taken,  and  which 
was  used  on  the  London  and  Birmingham  Railway,  the  boOff 
is  a  cylinder  7^  feet  long,  and  3^  feet  in  diameter.  It  it 
formed  of  wrought-iron  plates  y|  of  an  incli  in  tliickness,  orer- 
lapping  each  other,  and  bound  togetliec  by  iron  rircts  ^  ofaa 
inch  in  diameter  and  1  j  inch  apart.  One  of  theae  rireti^ 
Fig.  9S.  as  it  joins  two  plates,  is  repie- 
scntedin^.95.  The  boiler  it 
clothed  witli  a  boarding  of 
wood  a,  an  inch  in  tluckiMi% 
and  bound  round  by  iron  hoops  screwed  tt^thcr  at  the  bottoHh 
Wood  being  a  slow  conductor  of  heat,  this  covering  has  tbr 
effect  of  keeping  the  boiler  warm,  and  checking  the  con- 
densation of  steam  which  would  otherwise  be  produced  bj 
the  rapid  motion  of  the  engine  through  the  culd  air. 

The  external  fire-box,  a  b,  is  a  casing  nearly  square  in  iti 
plan,  being  four  feet  wide  outside,  and  three  feet  seven  and 

a  half  inches  long,  luoasurrd  is 
tlic  direction  of  the  boiler.  It  is 
constructed  of  n-rought-iron  pUcc^ 
similar  to  those  of  the  boiler.  TUf 
box  descends  about  two  feet  be» 
low  the  boiler,  the  top  being  smi* 
cylindrical,  as  seen  m  Jig.  lOJf., 
of  a  somewhat  greater  diamrUt 
tlian  the  1>oiler,  and  conccnlrical 
with  iL  The  front  of  the  fire-box  next  the  end  of  the 
boiler  has  a  circular  opening  equal  in  size  to  the  end  of  tlw 
boiler.  To  the  edge  of  this  opcuiug  tbe  boiler  Is  fasiened 
by  angle  irons,  and  rivets  in  the  manner  represented  in 
^.  9(j.     These  rivets  are  seen  in  section  in^g.  97. 

The  internal  fire-box  c,  Jiff.  97.,  is  similar  in  shape  to  tin 
exlcnial,  only  it  is  flat  at  the  top,  and  close  every  when 
except  at  the  bottom.  Between  it  and  the  external  fire-box 
an  open  space  of  three  inches  and  a  half  is  left  all  rouad, 
and  on  the  side  next  the  boiler  this  apace  is  increased  to  four 
inches.    This  iutemol  fire-box  is  made  of  copper  pUtcs,  •fg 
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of  an  inch  in  thickness,  every  where  except  next  tlie  boiler, 
where  the  thickness  is  §. 

As  the  sides  and  front  of  the  external  fire-box,  and  all  tiie 
surfaces  bounding'  the  internal  fire-box,  are  flat,  tlieir  foni^  is 
unfavourable  for  the  resistance  of  pressure.  Adequate  means 
are,  therefore,  provided  for  streugthening  thcni.  The  plates 
forming  the  internal  fire-box  are  bent  outwards  near  tlie 
bottom,  until  they  are  brought  into  contact  with  those  of  the 
external  fire-box,  to  which  they  are  attached  by  copper  rivets, 
as  represented  at/in ^y. 97.  The  plates  forming  the  bound- 
ing surfaces  of  the  two  fire-boxes  are  fastened  togctlicr  by 
stays  represented  at  k  m^gs.  97.  and  102.  These  stays,  which 
are  of  copper,  have  a  screw  cut  upon  them  through  their 
whole  length,  and  holes  arc  made  through  the  plates  of  both 
fire-boxes  tapped  with  corresponding^  threads.  The  copper 
screws  are  then  passed  through  them,  and  rivets  formed  on 
their  heads  within  and  without,  as,  seen  in  Jig.  102.  These 
screw  rivets  connect  all  parts  of  the  plating  of  the  two  fire- 
boxes which  are  opposed  to  each  otlicr:  they  are  placed  at 
about  foTir  inches  apart  over  the  sides  and  back  of  the  in- 
ternal fir<.>-plHce  and  that  part  of  the  front  which  is  below 
the  boiler. 

As  the  top  of  the  internal  fire-box  cannot  be  strengthened 
by  stays  of  this  kind,  ribs  of  wrought-iron,  wjiich  are  seen  in 
their  length  at  /,  '\nfig.  97.,  and  of  which  an  end  view  is  seen  in 
^.  \02.,  are  attached  by  bolts  to  it.  These  ribs  are  hollowed 
out,  as  seen  in^j.  97.,  between  bolt  and  bolt,  in  order  to 
break  their  contact  with  the  roof  of  the  fire-box,  and  allow  a 
more  free  passage  to  the  boat  through  it.  If  they  were  in 
continuous  contact  with  the  fire-box,  the  meta,l  composing 
them  would  become  more  highly  heated,  and  would  soon 
wear  out,  besides  intercepting  heat  from  the  water.  This 
part  of  the  fire-box  is  subject  to  rapid  wear,  unless  care  be 
taken  that  the  level  of  the  water  be  preser\'cd  at  its  proper 
height  in  the  boiler.  Even  when  the  boiler  is  properly  filled, 
the  depth  of  water  above  the  roof  of  the  fire-box  is  not  consi- 
derable, and  on  the  least  neglect  the  roof  may  be  exposed  to 
the  contact  of  steam,  in  which  case  it  will  soon  be  destroyed. 
To  prevent  accidents  arising  from  this  cause,  a  leaden  plug, 
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represented  at  m^figx.  97.  aiul  102.,  is  innerted  in  the  roof  of 
the  internal  lirc-box.  If  the  water  be  allowed  to  aubaid** 
this  plug  will  melt  out  before  the  coppt^r  i»  very  injaiioniij 
heated,  and  the  steam  rushing  out  at  the  aperture  wiU 
the  fire  to  be  extinguished. 

Copper  fire-boxes  arc  almost  imiversally  used ;  but 
times,  from  the  consideration  of  cheapness,  the  intcnuU  fif^ 
box.  is  constructed  of  iron. 

In  the  plating  which  forms  the  back  of  the  extenuil  fin^ 
box,  an  oval  aperture  is  formed^  aa  represented  in  the  back 
view  of  the  engine,  ^f^r-  101.,  for  the  fire-door  ^.  The  pladBf 
of  the  internal  fire-box  around  this  aperture  is  bent  at  n^t 
angles  to  meet  that  of  the  external  fire-box,  to  which  h  i* 
fastened  by  a  row  of  copper  rivets.  The  fire-door  is  fonasd  of 
two  plates  of  wrought-iron,  rivetted  together  with  a  ipsoe  of 
nine  inches  and  a  lialf  beti^'een  them.  The  air  between  thcK 
plates  being  an  imperfect  conductor  of  heat,  keeps  the  ootflr 
plate  of  the  fire-door  at  a  moderate  temperature. 

Jn  that  part  of  the  surface  of  the  internal  fire-box 
forms  the  end  of  the  boiler,  holes  are  made  to  receive  tkl 
extremities  of  iJic  tubes,  by  which  the  air  proceeding  finoa 
the  fire  is  drawn  to  the  smoke-box  at  the  remote  end  of  Ac 
boiler.  Hiese  tubes  arc  represented  in  longitudinal  section 
at  E, /T^.  97.,  and  their  ends  are  seen  in  the  surface  of  the 
iutomal  fire-box  xwfig,  102.,  and  in  the  remote  end  of  Uu 
boilci  where  they  terminate  in  the  smoke-box  in  fi^>  104. 
These  tubes  are  formed  of  the  best  rolled  braas,  and  their 
thickness  in  the  engine^  to  which  we  now  refer,  la  f^  of  la 
inch.  After  the  brass  plating  is  bent  into  the  fum  of  * 
tube,  and  being  overlapped,  is  properly  soldered  tngrthcf, 
and  the  edges  smoothed  off,  the  tubes  are  made  pcrfeclh 
cyliudrical  by  being  drawn  through  a  circular  steel  die. 

The  tube-plates  (as  those  parts  of  the  boiler  ends  in  whid 
the  tubes  are  inserted  are  called)  are  bored  with  boles  in  cor- 
responding positions,  truly  cylindrical,  and  corresponding  is 
magnitude  to  the  tubes,  so  that  the  tubes,  when  passed  into 
them,  will  be  just  in  contact  with  them.  Tlie  length  of  tht 
tubes  is  so  regulated,  that  when  extending  from  end  to  ead 
of  the  boiler,  and  passing  through  the  holes,  they  shall  pnn 
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ject  at  each  end  a  little  beyond  the  holes.  The  manner  of 
fastening  them  so  aa  to  be  water-tight  is  as  follows :  —  A  Bteel 
hoop  or  ferrule,  made  slightly  conical, 
a  section  of  which  is  exhibited  at  c. 
^ff.  105.,  the  smaller  end  of  which  is  a 
little  less  than  the  internal  diameter  of 
the  tube,  but  which  increases  towards 
the  outer  end,  Is  drivtfu  iu  as  rcprc* 
sented  in  the  figure.  It  acts  sb  a  wedge, 
and  forces  the  tube  into  close  contact 
with  the  edges  of  the  hole  in  the  tube- 
plate. 

When  particular  tubes  in  a  boiler 
are  worn  out,  and  require  to  be  re- 
placed, their  removal  is  easily  effected. 
It  is  only  necessary  to  cut  the  steel  ferrule  on  the  inside, 
and  to  bend  it  off  from  contact  with  the  tube,  by  which 
means  it  can  be  loosened  and  withdrawn,  and  the  tube  re- 
moved. 

In  the  engine  to  which  this  description  refers  there  were 
one  hundred  and  twenty -four  tubes,  the  external  diameter  of 
which  was  1|  inch.  The  distance  between  tube  and  tube 
waa  I  of  an  inch.  The  number  of  tubes  vary  in  different 
engines,  some  having  so  many  as  one  hundred  and  fifty, 
while  the  nujnber  in  some  is  less  than  ninety.  The  eva- 
porating power  of  an  engine  greatly  depends  on  the  proper 
number  and  magnitude  of  its  tube's  ;  and  the  experience  which 
engineers  have  had  on  railways  have  led  them  gradually  to 
increase  the  number  of  tubes,  und  diminish  their  magnitude. 
In  the  Rocket,  already  mentioned  as  having  gained  tlie  prize 
on  the  opening  of  the  Liverpool  and  Manchester  Railway,  the 
number  of  tubes  was  twenty-four,  and  their  diameter  three 
inches;  but  in  all  the  engines  subsequently  made  their  num- 
ber was  augmented,  and  their  diameter  diniiuished.  The 
practical  inconvenience  which  limita  the  si7.e  of  the  tubes  is 
their  liability  to  become  chaked  by  cinders  and  ashes,  which 
get  wedged  in  them  when  they  are  too  small,  and  thereby 
obstruct  the  draft,  and  dijuiuish  the  evaporating  power  of  the 
boiler.     The  tubes  now  in  use,  of  about  an  inch    and    a 
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half  internal  diameter,  not  only  require  to  be  cleared  of  the 
anhes  aud  ciuders,  which  get  fastened  in  them  after  each 
journey,  but  it  is  necessary  tliroughout  a  journey  of  any 
length  that  the  tubes  should  be  picked  and  cleaned  by  open- 
ing the  fire  door  at  convuiiieut  intervals. 

The  Bubstitutiou  of  brass  for  copper  tubes,  which  has  been 
already  mentioned  as  so  great  an  improvement  in  the  con- 
structiou  of  luuomotivc  engines,  is  ascribed  to  Mr.  Dixon,  who 
suggested  them  in  1833,  being  then  tlie  resident  engineer  of 
the  Ijiverpool  and  Manchester  Railway.  They  are  said  to 
last  six  or  eight  times  as  long  as  copper  tubes  of  the  same 
dimensions. 

When  tubes  fail,  they  ore  usually  destroyed  by  the  pres- 
sure of  the  water  crusliiiig  them  inwards :  the  water  enten 
through  the  rent  made  in  the  tube,  aud  flowing  upon  the 
fire  extinguishes  it.  When  a  single  tube  thus  fails  upon  a 
journey,  tlie  engine,  notwithstanding  the  accident,  may  gcne> 
rally  be  made  to  work  to  the  end  of  its  journey  by  plugging 
the  ends  of  the  broken  tube  with  hard  wood ;  the  water  in 
contact  with  which  will  prevent  the  fire  from  banung  it 
away. 

Tubes  of  the  dimeusious  here  referred  to  weigh  about 
sixteen  pounds,  and  lose  from  six  to  seven  pounds  before  they 
arc  worn  out.     Their  cost  is  about  one  poimd  each. 

The  tubes  act  as  stays,  connecting  the  ends  of  the  boiler 
to  strengthen  tliem.  Besides  these,  there  arc  rods  of  wrought 
iron  extended  from  end  to  end  of  the  boiler  above  the  roof  of 
the  internal  hrc-pkce.  These  rods  are  represented  at  o  in  their 
length  in^^.  97.,  and  an  end  view  of  them  is  seen  in,/£^.  lOS. 
The  smoke-box  v,  Jig.  97. 104.,  containing  the  cylinders,  steam- 
pipe,  aud  blast-pipe,  is  four  feet  wide,  and  two  feet  long.  It 
is  formed  of  wrought  iron  plates,  half  an  inch  thick  on  the 
side  next  tlie  boiler,  and  a  quarter  of  an  inch  elsewhere.  The 
plates  are  riveted  in  the  same  manner  as  those  of  the  tire-box 
already  described.  From  the  top  of  the  smoke-box,  which, 
like  the  lire-box,  is  suini -cylindrical,  as  seen  in  elevation  in 
fv^.  lOd.,  and  in  section  \\\jig*  104.,  rises  the  chimney  o,  fifteen 
inches  diameter,  and  formed  of  \  inch  iron  plates,  riveted 
and  bound  round  by  hoops.     It  is  flanged  to  tlie  top  of  the 
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smoke-box,  as  reprcsontcd  iit  Jig.  104.  Near  tlie  bottom  of 
the  smoke-box  the  working  cvlinders  are  placed,  side  by  side, 
in  a  horizontal  position,  with  the  slide  valves  upwards.  In 
the  top  of  the  external  fire-box  a  circular  aperture  is  formed 
fifteen  inches  in  diameter,  and  upon  this  aperture  is  placed 
the  steam-dome  t  {figt^  97.  101,  102.)  two  feet  high,  and 
attached  around  the  circular  aperture  by  a  flange  and  screws 
secured  by  nuts.  This  steam  dome  is  made  cf  briuts  g  inch 
thick.  In  stationary  boilers,  where  maja^iitude  is  not  limited, 
iC  has  been  already  explained,  that  the  space  allowed  for 
steam  is  RufHciently  large  to  secure  the  complete  separation 
of  the  vapour  from  the  spray  wliich  is  mixed  with  it  when  it 
issues  immediately  from  the  water.  In  locomotive  boilers 
sufficient  space  cannot  be  allowed  for  this,  and  the  separaUou 
of  the  water  from  the  steam  is  effected  by  the  arrangement 
here  represented.  A  funnel-shaped  tube  d^  (Jigs.  97.  102.), 
with  its  wide  end  upwards,  rises  into  the  steam-dome,  and 
reaches  nearly  to  the  top  of  it.  This  funnel  bends  towards 
the  back  of  the  fire-box,  and  is  attached  by  a  flange  and 
screvrs  to  the  great  ateani-pipe  s,  which  traverses  tlie  whole 
length  of  the  boiler.  The  steam  rising  from  the  boiler  fills 
the  steam-dome  t,  and  descends  in  the  fmmel-shaped  tube  ^. 
The  space  it  has  thus  to  traverse  enables  the  steam  to  dis- 
engage itself  almost  completely  from  the  priming.  The  wider 
part  of  the  great  steam-pipe  a  is  flanged  and  screwed  at  the 
hinder  end  to  a  corresponding  aperture  in  the  back  plate  of 
the  fire-box.  Tliis  opening  is  covered  by  a  circular  plate, 
secured  by  screws,  having  a  stuffing-box  in  its  centre,  of  the 
same  kind  as  is  used  for  the  piston-rods  of  steam -cylinders. 
Through  this  stuffing-box  the  spindle  a"  of  the  regulator 
passes,  and  to  its  end  is  attached  a  winch  k',  by  which  the 
spindle  €^'  is  capable  of  being  turned.  This  winch  is  limited 
in  its  play  to  a  quarter  of  a  revolution.  The  other  end  of  the 
spindle  a"  is  attached  to  a  plate  c'  seen  edgeways  in,;^.  97., 
and  the  face  of  which  is  seen  in  ^£7.  102. :  this  circular  plate 
0  is  perforated  with  two  apertures  somewhat  less  than  qua- 
drants. That  part  of  the  plate,  therefore,  which  remains  not 
pierced  forms  two  solid  pieces  somewhat  greater  Uiau  qua- 
drants.    This  plate  is  ground  so  as  to  move  in  steam-tight 
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contact  with  a  fixed  plate  under  It,  which  lenninatea  at  the 
wide  end  of  tht^  conical  mouth  of  the  steam-pipe  s.  This 
fixed  circular  plate  is  likewise  pierced  with  two  nearly  qua- 
drantal  apertures,  corresponding  with  those  in  the  movable 
plate  (f.  When  the  movable  plat*  c'  is  turned  round  by  the 
winch  h\  the  apertures  in  it  lua^-  be  made  to  correspond  with 
those  of  the  fixed  circular  plate  on  which  it  moves,  iu  which 
position  tht:  steam-pipe  s  communicates  with  tlie  funnel  d'  by 
the  two  (juadrantal  apertures  thus  open.  If,  un  the  other 
hand,  the  winch  h'  be  moved  from  this  position  through  a  quar> 
ter  revolution,  then  the  quadraiital  openings  in  the  mo\-able 
plate  will  be  brought  over  tlie  solid  parts  of  the  fixed  plat«  on 
which  it  moves,  and  these  solid  partji  being  a  little  more  than 
quadrants,  while  the  openings  are  a  little  less,  all  communi- 
cation between  the  steam-pipe  8  and  the  fuunel  d*  will  be 
stopped,  for  in  this  case  the  quadrantal  openings  in  the  fixed 
and  movable  plates  respectively  will  be  stopped  by  the  solid 
parts  of  these  plates.  It  mil  be  eWdent  that  as  the  winch 
h'  of  the  regulator  is  moved  from  the  former  position  to  die 
latter,  in  every  intermediate  position  the  aperture  communi- 
cating between  the  funnel  d'  and  the  steam-pipe  s  will  be  less 
in  magnitude  than  the  complete  quadrant.  It  will  in  fact  be 
composed  of  two  openings  having  the  form  of  sectors  of  % 
circle  less  than  a  quadrant,  «nd  these  sectors  may  be  wade  of 
any  magnitude,  liowevcr  Muall,  until  the  opening  is  altoge- 
ther closed. 

By  such  means  the  admission  of  steam  from  the  boiler  to 
the  steara-pipe  s  may  be  regulated  by  the  winch  A'. 

The  steam  being  admitted  to  the  steam-pipe  passes  through 
it  to  the  front  end  of  the  boiler,  and  the  pipe  being  enclofi^ 
within  the  boiler  the  temperature  of  the  steam  is  maintained. 
The  steam-pipe  passing  tlirough  the  tube-plate  at  the  front 
end  of  tliic  boiler  is  carried  to  a  small  distance  from  the  tube^ 
plate  in  the  same  direction,  where  it  is  ilanged  on  to  a  croM 
horizontal  pipe  proceeding  to  the  right  and  to  the  left  aa  re- 
presented in^.  104.  This  cross  pipe  is  itself  flanged  to  two 
curved  stetun-pipes  s  {Jig,  lO-k),  by  which  the  steam  is  con- 
ducted to  the  valve-boxes  v  v.  The  lower  ends  of  these  ciined 
arms  are  ilanged  on  to  the  valve-boxes  of  the  two  cylinders 


MOST   RECENT    LOCOMOTIVE    ENGINES. 


373 


at  the  ends  nearest  to  the  boiler.  Tbc  opening  of  one  of  these 
is  exhibited  in  the  right  hand  cylinder  in  Jig.  99.  By  these 
pipes  the  Mteam  is  conducted  into  the  valve-boxes  or  stenm- 
chcsts,  froui  wliich  it  is  admitted  by  slide-valves  to  the  cy- 
linders to  work  the  pistons  in  the  same  manner  as  has  been 
already  described  in  the  lar^e  stationary  engincy. 

On  the  upper  sides  of  the  cylinders  are  formed  the  steani- 
chests  or  valve-boxes,  which  are  exliibited  at  u  (^t.  97.  99. 
104.).  These  are  made  of  cast-iron  half  an  inch  thick,  and 
are  bolted  to  the  upper  side  of  each  cj'linder.  At  the  front  end 
they  are  also  secured  by  bolts  to  the  smoke-boic,  and  at  the 
hinder  end  are  attaclied  to  the  tube-plate.  These  valvc-boxcs 
communicate  with  the  passages  m  and  n_/&^.  99.  leading  to  the 
top  and  bottom  of  the  cylinder :  these  are  called  the  steam- 
ports.  They  also  communicate  with  a  passage  o  leading  to 
the  mouth  of  a  curved  horizontal  pipe  j>'  connecting  the  front 
ends  of  tlie  two  cylinders,  as  seen  in  Jigs,  99.  104-.  These 
curved  pipes  unite  in  a  single  vertical  pipe  f,  called  the  hUut- 
pt^je,  seen  in  Jigi.  97.  104.:  tliis  vertical  pipe  becomes  gra- 
dually small  towards  the  top,  and  terminates  a  little  above  the 
base  of  the  fiumcl  or  chimney  g.  In  the  vaivc-box  is  placed 
the  slide-valve  0  to  which  is  attached  the  spindle  /'.  This  spindle 
jnoves  through  a  stuiling-box  A',  and  is  worked  by  gearing, 
mrhich  will  be  described  hereafter.  According  to  tlie  position 
given  to  the  shde,  a  communication  may  be  opened  between 
the  steam-chest,  or  the  waste-port,  and  cither  end  of  the  cy- 
linders. Thus  when  the  slide  is  in  the  position  represented 
in  J^.  97.  the  steam-chest  communicates  with  the  tVont  end 
of  the  cylinder,  while  the  waste-port  communicates  willi  the 
hinder  end.  If,  on  the  other  liand,  the  spindle  /'  being 
pressed  forward,  move  the  slide  to  its  extreme  opposite 
position,  the  steam-port  n  would  communicate  with  the 
waste-port  o,  while  the  steam-chest  would  communicate  with 
the  steam-port  m,  steam  would,  therefore,  be  admitted  to 
the  hinder  end  of  the  cylinder,  while  the  foremost  end  would 
communicate  witli  the  waste-port.  It  will  be  perceived  tliat 
this  arrangement  is  precisely  similar  to  that  of  the  slide-valves 
already  described  (133.).  The  slide-valve  is  represented  oa 
a  larger  scale  in^.  106.,  where  a  is  the  hinder  steam-port, 
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B  the  foremost  steam-port,  and  c  the  wnste-port.     The  lur- 
&oe8  D,  scparatiitg  the  steam-ports  from  the  vute-porti,  art 

called  the  ban:  thej  are  pUnvd 
perfectly  smooth,  to  that  the 
siirfnces  p  and  o  of  the  alida- 
valvc,  alau  planed  peiiMdjr 
smooth,  may  move  in  ateaBi- 
' ""'"  tight  contact  witli  lliem.  These 
■urfaces  are  kept  in  contact  by  the  pressure  of  the  steam  ia 
tlie  steam-chest,  by  which  the  ilide-valve  is  eJwayi  pretanl 
down.  In  its  middle  position,  as  represented  by  the  dottH) 
lines  in  the  figure,  both  the  strain-port«  are  stopped  by  the 
fllide-valve,  so  that  at  that  moment  no  steam  is  admitted  to 
either  end  of  the  cylinder.  On  cither  side  of  tliis  inter* 
mediate  position  the  slide  has  an  inch  and  a  half  play,  which 
is  sufficient  to  open  successively  tlie  two  steam-ports. 

The  cylinders  are  inserted  at  one  end  in  the  plate  of  the 
smoke-box,  and  at  tlie  other  in  the  tube-plate  of  the  boiler. 
Tliey  are  closed  at  either  end  by  cast  iron  corcri,  nearly  an 
inch  thick,  flanged  on  by  bolts  and  screws,  in  the  cover  of 
the  cylinder  attached  to  the  tube-plate  is  a  stufiing-box,  in 
which  the  piston  rod  plays.  The  metallic  pistons  used  in 
locomotive  engines  do  not  differ  materially  from  those  al- 
ready described,  and  therefore  need  not  be  here  particularly 
noticed.  From  their  horizontal  |>osition  tliey  have  a  tendency 
to  wear  unequally  in  the  cylinders,  their  weight  preamig 
them  on  one  side  only ;  but  from  their  small  magnitude  this 
cfl'cct  is  found  to  be  imperceptible  in  practice.  In  the  engiM 
here  described  the  stroke  of  the  piston  is  eighteen  indwa, 
and  this  is  the  most  usual  length  of  stroke  in  locomotive 
enguies.  The  piston,  in  its  play,  comes  at  either  end  within 
about  half  an  inch  of  the  inner  surface  of  the  covers  of  lbs 
cylinders,  this  space  being  allowed  to  prevent  colUsiaD.  In 
the  foremost  cover  of  the  cylinder  is  inserted  a  cock  y'  (jSp. 
97. 99.),  by  which  any  water  which  may  collect  in  the  cylinder 
by  condensation  or  priming  may  be  discharged.  A  cock  r'  (Jfy. 
97.)>  communicating  with  a  small  tube  proceeding  from  the 
branches  of  the  waste  pipe^  (^ff.  104-.),  is  likewise  provided 
to  discharge  from  that  pipe  any  water  which  may  be  col- 


LOCOMOTIVE    ENGINES. 


k 


107. 


lected  in  it.  After  the  steam  has  been  admitted  to  work 
the  piston  through  the  slide-valve,  and  has  been  discharged 
througlt  the  waste-port  by  shifting  that  valve,  it  passes 
through  ihe  pipe  j/  into  the  blast-pipe  p,  from  the  mouth  of 
which  it  issues,  with  great  force,  up  the  funnel  o.  When 
the  motion  of  the  engine  is  rapid,  the  steam  from  the  two 
cylinders  proceeds  in  an  almost  uninterrupted  current  from 
the  blast-pipe»  and  causes  a  strong  draft  up  tho  chimney. 
The  heated  air  which  passes  from  the  mouths  of  the  tubes 
into  the  smoke-box  is  drawn  up  by  this  current,  and  a  cor- 
responding draft  is  produced  in  the  iire<box. 

The  piston-rods  v  terminate  in  a  fork,  by  which  they  are 
Fiff.  attached  to  cros8  heads  z,  the  ends  of  which 
are  contincd  by  guide-bars  a'>  in  which 
they  are  allowed  to  play  backwards  and 
forwards  through  a  space  equal  to  tho 
stroke  of  the  piston.  To  these  cross  heads 
Z,  between  the  prongs  of  the  fork  in  which 
the  piston  terminates,  are  attached  the  fore- 
most ends  of  the  connecting  rods  b'.  Theaa 
IL  ^  rods  are,  therefore,  driven  backwards  and 

"     ^J  forwards  by   tlie  motion    imparted   to  tho 

I    I  cross  head  z  by  the  piston-rods  t.     Tho 

[J  connecting    rods    n'    are    attached    at    the 

^H  hinder  ends  to  two  cranks  formed  upon  the 

■  axles  c'  of  the  driving  wheels  d'.     These 

■  two  cranks  arc  formed  upon  the  axtcs  pre- 

B  R  ciscly  at  right  angles  to  each  other.  The 
left-hand  crank  is  represented  in  its  hori- 
zontal position,  in  j?y.  99.,  and  the  right- 
hand  crank  is  seen  in  Its  vertical  position. 
A  cranked  axle  is  represented  on  a  larger 
scale  in  Jig.  107.,  and  the  two  cranks  ore 
seen  in  a  position  oblique  to  the  plane  of 
the  figure.  As  this  axle  is  the  instrument 
by  which  the  impelling  force  is  conveyed 
to  the  load,  and  as  it  has  to  support  a 
great  portion  of  the  weight  of  the  engine,  it  is  constructed 
with  great  strength  and  precision.     It  is  made  all  in  one 
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piece,  and  of  tlic  best  nToiight  iron  called  Back  Barronry 
or  scrap  iron.  In  tlie  eng;inc  here  described  iU  extreme 
leii^h  is  six  feet  and  a  half,  and  iu  diameter  is  fire  indMb 
At  the  centre  port  a  it  is  cylindrical,  and  is  incrcoaed  to 
live  inches  and  a  quarter  at  c,  where  the  cranks  are  fumed. 
The  sides  D  of  the  cranks  are  four  inches  thick,  and  the  cn&k 
pins  B,  which  are  truly  cylindrical,  arc  five  inches  diametcri 
and  three  inches  in  length,  the  brasses  at  the  extrcmitiea  of 
the  connecting  rods  which  play  upon  them  having  a  oar- 
responding  magnitude.  The  distance  from  the  centre  of  the 
crank-pins  d  to  the  centre  of  the  axle  a  must  be  exactly 
equal  to  half  tlie  stroke  of  the  piston,  and  is.  therefore,  in 
this  case  precisely  nine  inches.  Upon  the  parts  r,  which  are 
seven  inches  and  a  half  long,  the  great  driiing  wheels  arc 
firmly  fastened,  su  as  to  be  prevented  from  turning  or  shaking 
upon  the  axle.  The  ajde  projects  beyond  the  whocla  at  o, 
where  it  is  reduced  to  tliree  inches  and  an  eighth  diameter. 
These  projecting  parts  g  are  five  inches  long,  bating  collar* 
at  the  outer  ends.  Brasses  arc  fixed  at  the  outside  frame  of 
the  engine  which  rest  upon  these  projections  n  of  the  axle, 
and  upon  these  brasses  tlie  weiglit  of  tlic  engine  is  supported. 
The  entire  axle  is  accurately  turned  in  a  lathe,  and  eadi  of 
the  crank-pins  u  \»  likewise  turned  by  suspending  the  axle 
on  centres  corresponding  with  the  centres  of  the  cnank-poiar 
and  made  on  strong  cast  iron  arms,  which  are  firmly  fixed  oa 
the  ends  of  the  axle,  and  project  beyond  the  cranks  ao  M  to 
balance  tlie  axle,  and  enable  it  to  turn  round  on  the  cmtn . 
of  the  crank-pin.  The  axle  is  by  such  means  made  pctfectl] 
true,  and  the  cranks  arc  made  of  exacljy  the  proper  lengthy; 
and  precisely  at  right  angles  to  each  other.  The  comers  of 
tlie  cranks  are  ehampered  off,  as  shown  in  the  figure,  and  the 
ends  of  the  cylindrical  ports  well  rounded  out. 

The  slrengtli  and  accuracy  of  construction  indispenaabW  i*^ 
these  cranked  axles,  in  order  to  make  them  execute  their 
work,  render  them  very  expensive.  Those  which  are  ben 
described  cost  about  50/.  each.  M^Tien  properly  conatractedf 
however,  they  are  seldom  broken,  but  are  soroetinies  beol 
when  the  engine  escapes  from  die  rails. 

The  proper  motion  to  admit  and  withdraw  the  steam  from 
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citlier  end  of  the  cylinder  is  imparted  to  the  sKde-valves  by 
eccentrics,  in  a  manner  and  on  a  principle  so  similar  to  that 
already  described  in  large  stationary  engines,  that  it  will  not 
be  necessary  here  to  enter  into  any  detailed  explanation  of 
the  apparatus  for  communicating  this  motion,  which  is  ex- 
iubited  in  plan  and  section  in  Jigs.^1. 99.  The  eccentrics  are 
attached  to  the  cranked  axles  at  e'  e".  The  eccentric  e' 
imparts  motion  by  a  lod  e"  to  a  lever  A",  formed  on  an  axle 
extending  across  the  frame  of  the  en^ne.  This  conveys 
motion  to  another  luvcr  I'',  projfcting  from  the  same  axle. 
This  lever  ^  is  jointed  to  horizontal  links  m",  which  at  the 
foremost  ends  are  attached  to  the  spindle  /',  by  which  tho 
slide  is  driven.  By  these  means  the  motion  received  by  the 
eccentric  from  the  great  working  axle  conveys  to  the  spindle/' 
an  alternate  movement  backwards  and  forwards,  and  tlie 
points  at  which  it  is  reversed  will  be  regulated  by  the  posi- 
tion given  to  the  eccentric  upon  the  great  axle.  The  eccen- 
tric is  fonncd  in  two  separate  semicircles,  and  is  keyed  on  to 
the  great  axle,  and  consequently  any  position  may  be  given 
to  it  which  may  be  required.  The  position  to  be  given  to 
the  eccentrics  should  be  such  that  tliey  shall  be  at  right 
angles  to  their  respective  cranks,  and  they  should  be  fixed  a 
quarter  of  a  revolution  behind  the  cranks  so  as  to  move  the 
slides  to  that  extent  in  advance  of  the  pistons,  since  by  the 
position  of  the  levers  h"  and  /",  the  motion  of  the  eccentric 
becomes  reversed  before  it  reaches  the  valve  spindle. 

The  performance  of  the  engine  is  materially  affected  by 
the  position  of  the  eccentrics  on  the  working  axle.  The 
slide  should  begin  to  uncover  the  steam-port  a  little  before 
the  commencement  of  the  stroke  of  the  piston,  in  order  that 
the  steam  impelling  the  piston  should  be  shut  off,  and  the 
steam  about  to  impel  it  in  the  contrary  direction  admitted 
before  the  tenninatiun  of  the  stroke.  Through  this  small 
space  the  steam,  therefore,  must  act  in  opposition  to  the 
motion  of  the  piston.  This  is  called  the  lead  of  the  slide, 
and  the  extent  generally  given  to  it  is  about  a  quarter  of  an 
inch.  This  is  accomplished  by  fixing  the  eccentrics  not  pre- 
cisely  at  right  angles  to  the  respective  cranks,  but  a  little  in 
advance  of  that  position.     Tlie  introduction  of  the  steam  to 
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the  pUtou  bcfurc  the  tcrmmatioa  of  the  stroke  has  the  effect 
of  bringing  it  gradually  to  rest  at  the  end  of  the  stroke,  and 
thereby  dimiuishing  the  jerk  or  shock  produced  by  tiie  rapid 
change  of  motion.  In  stationary  engines,  where  the  reci- 
procations of  the  engine  are  slow,  the  neces^ty  for  this  pro- 
vision does  not  arise ;  but  in  locomotive  engines  in  which  the 
motion  of  the  piston  is  changed  from  four  to  six  times  in  a 
see<Hid,  it  becomes  necessary.  The  steam  a<lmitted  to  the 
piston  before  the  termination  of  the  stroke  acts  as  a  spring- 
cushion  to  assist  in  changing  its  motion,  and  if  it  were  not 
applied,  the  piston  could  not  be  kept  tight  upon  the  pi^on- 
rod.  Another  advantage  which  is  produced  by  allowing 
some  load  to  the  slide  is  tliat  the  waste  steam  which  has  just 
impelled  the  piston  begins  to  make  its  escape  through  the 
waste-port  before  the  commencement  of  the  next  stroke,  so 
that  when  the  impelling  steam  begins  to  produce  the  return- 
ing stroke,  there  is  less  waste  steam  on  the  other  side  of  the 
piston  to  resist  it. 

When  the  motion  of  the  engine  is  verj-  rapid,  the  resist- 
ance of  the  waste  steniu,  us  it  escapes  from  the  blast-pipe  to 
the  piston,  has  been  generally  supposed  to  be  very  consider- 
able, though  we  are  not  aware  of  any  direct  experiments  by 
which  its  amoiwt  has  been  ascertained.  In  the  accoiuit  of 
the  locomotive  engine  which  has  been  here  described,  sup- 
plied by  Mr.  Stephenson  for  the  last  edition  of  Tredgold  on 
the  Steam  Engine,  he  states,  tliat  the  average  resisting  pres- 
sure of  the  waste  steam  throughout  the  stroke  is  6  Ibi. 
per  square  inch,  when  running  at  the  usual  rate  of  from 
Sd  to  28  miles  an  houi*,  and  tliat  at  greater  vulucilies  this 
negative  pressure  has  been  found  to  increase  to  more  than 
double  that  amount.  Nu  experiments  arc,  however,  cited 
Irom  which  this  inference  has  been  drawn. 

It  h&n  been  also  thought  that  the  pressiu'c  of  steam 
upon  the  piston  in  the  cylinder,  at  high  velocities,  is  consi- 
derably below  the  pressure  of  steam  in  the  boiler ;  but  iliis 
has  not  been,  so  far  as  wc  are  informed,  ascertained  by 
any  satisfactory  experimental  lest.  Mr.  Stephenson  like- 
wiJie  states,  that  tins  loss  of  pressure,  causes  the  negatire 
pressure   or  resistance  of   the  waste   steam    to   amount  to. 


from  SO  to  40  per  cent,  of  the  positiTe  pressure  upon: 
Ihc  piston  when  the  engine  is  running  very  fast,  and  ttiat 
therefore  tlie  power  of  the  engine  is  diminished  nearly 
one  half. 

But  it  will  be  perceived  that  besides  the  uncertainty  wliich 
attends  the  estimate  of  the  actual  amount  of  pressiure  ou  the 
piatun  compared  with  the  pressure  of  steam  in  the  boiler, 
the  inference  here  drawn  does  not  apjwar  to  be  compatible 
with  what  has  been  already  proved  respecting  the  mecha- 
nical effect  of  steam.  No  change  of  pressure  which  may 
take  place  between  the  boiler  and  the  cylinder  can  affect 
the  practical  efficacy  of  the  steam.  As  the  steam  passes 
through  the  engine,  whatever  change  of  pressure  it  may  bo 
subject  to,  it  still  remains  common  steam ;  and  though  its 
pressure  may  be  diminished,  its  volume  being  increased  in  a 
nearly  equal  proportion,  its  mechanical  effect  wU)  remain  the 
Mune.  The  power  of  the  engine,  therefore,  estimated  as  it 
ought  to  be,  by  the  whole  mechanical  effect  produced,  will 
not  be  altered  otherwise  than  by  the  effect  of  the  increased 
resistance  produced  by  the  blast-pipe.  What  that  resistance 
is,  we  repeat,  has  not,  so  far  as  we  know,  been  ascertained 
by  direct  experiment,  and  there  are  circumstances  attending 
it  which  render  it  probable  that,  even  at  high  velocities,  it  is 
leas  ill  anioxmt  than  Mr.  Stephenson's  estimate. 

The  position  of  the  eccentrics  which  is  necessary  to  make 
the  pistons  drive  the  engine  forward  must  be  directly  the 
reverse  of  that  which  would  cause  them  to  drive  the  ei^ine 
backwards.  To  be  able,  therefore,  to  reverse  the  motion  of 
the  engine,  it  would  only  be  necessary  to  be  able  to  reverse 
the  position  of  the  eccentrics,  which  may  be  accomplished  by 
cither  of  two  expedients. 

Fint,  The  eccentrics  may  be  capable  of  revolving  on  the 
great  working  axle,  and  also  of  sliding  upon  it  through  a 
small  space.  Their  revolution  ou  the  axle  may  be  checked 
by  letting  a  pin  attached  to  a  collar  fastened  on  the  axle  fall 
into  a  hole  on  the  side  of  the  eccentric.  Such  a  pin  will 
drive  the  eccentric  round  with  the  axle,  and  the  position  of 
this  pin  and  the  hole  will  determine  the  position  of  the 
eccentric  with  reference  to  the  crank.     At  a  short  distance 
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on  the  oUinr  side  of  the  eccentric  may  be  a  corres|M)ndi&^ 
collar  with  a  pin  in  the  opposite  position.  By  morini;  tb« 
eccentric  longitudinally  on  the  axle,  the  former  pin  may  be 
wiihdrawTi  from  the  hole,  and  the  latter  allowed  (o  fall  into 
the  hole  on  tlie  other  side.  Proper  mecluuuKm  may  be  pro- 
vided by  which  the  position  of  the  ectentric  may  thu»  br 
reversed  in  reference  to  the  crank,  aod  by  such  mean*  the 
motion  of  the  engine  may  be  rcverncd. 

Secondly,  Supposing  the  eccentrics  which  drive  tlie  cngiitc 
forward  to  be  immovably  fixed  upon  the  axle,  two  other  ec- 
centrics may  be  provided  attached  to  other  parts  of  the  same 
axle,  and  having  a  position  exactly  the  reverse  with  reference 
to  the  cranks.  Proper  mechanism  may  be  pronded,  by  which 
either  or  both  pairs  of  eccentrics  may  be  thrown  in  or  out  of 
gear.  Such  are  the  means  adopted  in  tlie  engine  which  hu 
been  already  described.  The  eccentrics  for  driving  the  en- 
gine Iwckwnrds  are  placed  nut^iide  the  cranka  at  p'  f".  A 
band  lever  n/'  Juj.  101.  is  provided,  by  which  the  engine  man 
may  throw  either  pair  of  eccentrics  into  or  out  of  gear,  so 
us  to  make  the  engine  work  either  backwards  or  forwards. 

As  all  the  mo\'ing  parts  of  the  engine  require  to  be  cm- 

atantly  lubricated  with  oil  to  diminish  the  friction,  and  keep 

them  cool,  oil-cups  fur  thi»  purpose  are  fixed  uptni  them.    Ib 

some  engines  these  oil-cups  are  attached  sej^arately  to  all  tlw 

moving  parts :  in  others  they  are  placed  near  eaeh  other  in  a 

row  on  the  boiler,  and  communicate  by  small  tubes  with  the  »e- 

Teral  parts  required  to  l>e  lubricated.  One  of  tJiese  is  reqoisitr 

for  each  end  of  the  connecting  rods,  for  each  of  the  guides  of 

lOB.  109.        the  piston-rods,   for  the  piston-rod  itJbelf. 

the  spindle  of  the  slide-valve,  and  otlicr 

parts.    An  elevation  of  one  of  these  nil- 

cujm  is  shown  in  fig.   108..   a   vertical 

section  in  ^.  109.,  and  horteontal  plaa 

in  fig.  1 10.     The  cup  a  is  made  of  bnua 

^\^  ^^1  a  cover  b.     This  cover  hu  a  piece 

^UB'  projecting  from  it  turning  upon  a  pin  in 

llOl^  a  socket  c  at  the  side  of  tlie  cup  a,  and 

square  at  the  end,  resting  upon  a  small  spring  at  the  bottom  of 

the  socket  to  hold  it  cither  open  or  shut.  In  the  bottom  of  the 
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t  inserted  an  iron  tube  d  extending  nearly  to  the  top, 
tube  projects  from  the  bottom  of  the  cup,  where  it  is 
tapped  for  the  purpose  of  fixing  the  cup  on  the  part  of  the 
engine  which  it  is  intended  to  lubricate.  The  hole  into  which 
the  cup  is  screwed  commumcates  with  the  rubbing  surface, 
and  some  cotton  tliread  U  passed  tlirough  the  tube  dipping 
into  the  oil  in  the  cup  at  the  one  end  and  touching  the  mov- 
ing part  at  the  other.  This  thread  acts  as  a  siphon,  and  con- 
stautly  drops  oil  on  the  rubbing  surface. 

The  tender  is  a  carriage  attached  behind  the  engine  and  close 
to  it,  carrying  coke  for  the  supply  of  the  furnace,  and  water  for 
the  boiler.  The  coke  is  contained  in  the  space  r",  {Jiff.98. 100.) 
surrounded  by  a  tank  i"  containing  water  to  feed  the  boiler. 
The  feed  for  the  boiler  is  conducted  from  the  tank  through  a 
pipe  descending  downwards  and  in  a  cun-ed  direction,  p"  q", 
y!^.  98.,  and  connected  with  a  horizontal  pipe  k,  j(^.  97,  A 
cock  is  provided  at  p",  by  which  the  supply  of  water  to  tliis 
pipe  may  be  cut  offat  pleasure.  Another  cock  is  pro\-ided  at 
^>J^'  9"'»  where  the  curved  pipe  joins  the  horizontal  pipe 
by  which  the  quantity  of  water  supplied  to  k  may  be  regulated 
by  opening  the  cock  more  or  less  fully.  The  handle  of  this 
cock  rises  tlu'uugh  the  floor  of  llie  engine,  so  that  the  engi- 
neer may  regulate  it  at  discretion.  The  pipe  k  being  con- 
ducted under  the  engine,  as  represented  in^.  97.,  terminates 
in  ft  vertical  pipe,  of  greater  diameter,  containing  two  valves, 
both  of  wliich  open  upwards,  and  between  these  valves  to  this 
vertical  pipe  is  attached  a  force-pimip,  by  which  the  water  is 
drawn  from  tlic  horizontal  pipe  k  into  the  vertical  pipe  K% 
and  from  the  latter  is  driven  into  a  delivery-pipe  by  which  it 
is  forced  into  the  boiler.  The  details  of  tlie  interior  of  this 
feed-pump  arc  represented  on  a  larger  scale  in^.  1 1 1,  The 
extremity  of  the  horizontal  pipe  k'  is  represented  in  section 
at  II,  where  it  is  joined  on  by  a  screw  to  the  bottom  of  the 
vertical  pipe  which  is  represented  in  ^y^.OT.  at  k,  and  which  is 
here  represented  in  section.  The  vertical  pipe,  represented 
in^y£/.  97.  consists  of  several  parts  screwed  together  by  nuts 
and  bolts  passing  through  flanges.  The  lowest  piece  i  is  at- 
tached by  a  flange  to  the  piece  l  :  within  these  is  contained 
the  valve  q  resting  in  a  seat  mode  conical,  so  that  the  ball 


d8« 


THE   STEAM    ENGINE. 


which  forms  the  valve  shall  rest  in  water-tight  contact  with 
it.  The  ball  is  tximed  and  ground  to  an  accurate  sphere,  and 
whatever  position  it  assumes  upon  its  seal  its  contact  will  be 
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perfect.  It  is  giuded  in  its  upward  and  downward  motion  hf 
several  vertical  bars  whicli  confine  it,  and  which  arc  united  at 
the  tnp,  so  as  to  limit  the  upward  motion  of  the  ball.  A  screw 
v'  is  inserted  in  the  bottom  of  the  piece  i,  by  removing  which 
access  can  be  obtained  to  tlic  valve.  The  piece  l  is  secured 
to  the  short  pipe  o  by  nuts  and  bolts  passed  through  a  flange. 
The  pipe  o  is  cast  upon  the  end  of  the  feed-pump  a.  On 
the  foremost  end  of  tliis  feed-pump  is  constructed  a  stuffing* 
box  c  of  the  usual  form,  having  a  gland  d  forced  agunst 
packing  by  nuts  and  screws  E.  The  plunger  b  is  turned,  so 
as  to  be  truly  cylindrical,  and  moves  in  water-tight  contact 
throiAgh  the  gland  o.  The  plunger  not  being  in  contact  with 
the  inner  surface  of  tlie  pump-barrel  a,  the  latter  need  not  be 
ground.  The  horizontal  rod  by  which  the  plunger  B  is  driven 
is  attached  at  its  foremost  extremity  to  an  arm  which  projects 
from  the  rod  of  the  atcani-piston,  and  consequently  this 
plunger  is  moved  through  a  space  equal  to  the  stroke  of  the 
iteam-piston.  In  tliis  case  that  space  is  eighteen  inches.  The 
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Upper  end  of  the  rertical  tube  a  is  attached  by  screws  and  a 
flange  to  a  piece  P  coutaiiiiiig  a  valve  r  similar  in  all  respects 
to  the  lower  valve  q,  and  like  it  opening  upwards.  A  screw 
V  is  introduced  at  the  top  hy  which  access  may  he  obtained 
to  this  valve.  This  screw  also  presses  on  the  crown  of  the 
guides  of  the  valve,  so  as  to  bold  it  down  by  regulated  pres- 
sure. At  the  side  of  this  upper  piece  P  is  inserted  a  hori- 
zontal tube  M  connected  with  tjie  end  of  tlic  delivery-pipe  k. 
This  latter  is  continued  to  tlie  boiler  with  which  it  commu- 
nicates at  the  fire-box.  Wlien  the  plunger  b  is  drawn  out  of 
the  pump-barrel  A,  the  spherical  valve  q  being  relieved  from 
its  downward  pressure  is  raised,  and  water  passes  from  the 
pipe  a  through  tlie  valve  q  into  the  vertical  pipe  g  ;  the  lower 
valve  Q  then  closes  and  stops  the  return  of  the  water.  The 
plunger  B  returning  into  the  pump-barrel  a  then  forces  the 
water  against  tlie  upper  valve  r  and  drives  it  tlu-ough  the  de- 
liverj'-tube  n,  from  which  ita  return  is  prevented  by  the 
valve  R.  When  the  delivery-tube  n  is  filled  with  water 
tliroughotit  its  whole  length,  every  stroke  of  the  plunger  will 
evidently  drive  into  the  boiler  a  volume  of  water  equal  to 
the  magnitude  of  a  part  of  tlic  plunger  eighteen  inches  in 
length. 

Until  within  the  last  few  years,  locomotive  engines  were 
supported  on  only  four  wheels ;  tliey  are,  however,  now  al- 
most universally  supported  on  six,  tlie  dri\-ing  wheels  being 
in  the  middle.  To  give  greater  security  to  the  position  of 
the  engine  between  the  rails  it  is  usual  to  construct  flanges  on 
the  tires  of  all  the  six  wheels.  IVlr.  Stephenson,  however,  has 
been  in  the  practice  of  constructing  the  driving  wheels  with- 
out flanges,  and  with  tires  truly  cylindrical,  depending  on  the 
flanges  uf  the  two  pairs  of  smaller  wheels  to  maintain  the 
engine  between  the  rails.  The  wheels  of  the  engine  here 
described  are  constructed  in  tliis  maimer.  The  driving  wheels 
j/  are  fixed  on  the  crwiked  axle  &,  and  are  five  feet  in  dia- 
meter. The  other  wheels  l'  m',  the  one  being  placed  iuuue- 
diately  behind  the  smoke-box,  and  the  other  immediately 
behind  the  fire-box,  are  each  tliree  ft-x'l  six  inches  in  diameter, 
and  have  a  ilange  upon  theii  tires,  which  running  on  the  in- 
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side  of  each  rail  keeps  the  engine  between  the  r&iU. 
pair  of  tlicse  small  whei'I»,  like  the  dn\ing-wheeUr  is  fixfld 
upon  their  axle.  The  axle:*  are  3^  inches  diameter,  and  pn^ 
jcct  beyond  the  wheels,  the  projecting  jMri  supportiag  the 
frame  of  the  engine  and  turning  in  brasses.  Upon  theae 
brasses  rest  springs*  which  bear  the  whole  wcig^hc  of  the 
engine.  These  springs  having  nothing  between  them  and 
the  road  but  the  wheels  and  axles  intercept  and  cqualtM 
the  sudden  shocks  produced  by  tlie  rapid  motion  upon  tin 
road. 

When  an  engine  ih  required  for  the  transport  of  very 
loads,  such  as  those  of  merchandise,  the  adhesion  of  one 
of  working  wheels  is  found  to  be  insufficient,  and,  in  audi 
cases,  one  of  tlie  two  pairs  of  wheels  l'  «'  is  made  of  lh« 
sainu  diameter  as  tlic  wheels  which  arc  placed  upon  the  work* 
ing  axle,  and  a  bar  is  attached  to  points  on  the  outside  of  the 
wheels  at  equal  distances  from  their  centre,  connecting  tbc3a 
in  such  a  manner  that  any  force  applied  to  make  one  pair  of 
wheels  revolve  must  necessarily  impart  the  sazuc  motion  to 
the  other  pair.  By  such  means  the  force  of  the  steun  is  nuds 
to  drive  both  pairs  of  wheels,  and  consequent!/  a  pioportitMl^— 
ally  increased  adhesion  is  obtained.  ^| 

The  velocity  which  on  engine  is  capnhlc  of  importing  to 
the  load  which  it  draws  depends  upon  the  rate  at  which  the 
pistons  are  capable  of  being  moved  in  the  cylinders.  By  ereiy 
motion  of  each  piston  backwards  and  forwards  one  rcrolntioa 
of  the  driving  wheels  is  produced,  and  by  each  revnlutioD  of 
the  driving  wheels,  supposing  them  not  to  slip  u)mn  the  rails 
the  load  is  driven  through  a  distance  upon  the  road  equal 
their  circumference.  As  the  two  cylinders  work  togethert 
follows,  that  a  quantity  of  steam  suiBcicnt  to  fill  four  c/Ih 
ders  supplied  by  the  1>oilcr  to  the  engine  will  move  the  trmin 
through  a  distance  equal  to  the  circumference  of  the  driring 
wheels ;  and  in  accomplishing  this,  each  piston  must  more 
twice  from  end  to  end  of  the  cylinder ;  each  cylinder  most  be 
twice  filled  with  steam  from  the  boiler ;  and  that  steun  most 
be  twice  discharged  from  (he  cylinder  through  the  blas(-fj^ 
into  the  chimney. 
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If  the  driving  wheels  be  five  feet  in  diameter  their  circum- 
ference will  be  fifteen  feet  seven  inches.  To  drive  a  train  w-ith 
a  velocity  of  liiirty  miles  an  hour,  it  will  be  necessary  that  the 
engine  should  be  propelled  through  a  space  of  forty-five  feet 
per  second.  To  accomplish  this  with  five-feet  wheela  they 
must  be  therefore  made  to  revolve  at  the  rate  of  very  nearly 
three  revolutions  per  second;  and  as  each  revolution  rec^uirea 
two  motions  of  the  piston  in  the  cylinder,  it  follows  that  each 
piston  must  move  three  times  forwards  and  three  limes  back- 
wards in  the  cylinder  in  a  second;  tJiat  steam  must  be  ad- 
mitted six  times  per  second  from  tlie  steam-chest  to  each 
cylinder,  and  discharged  six  limes  per  second  from  each  cy- 
linder into  the  blaat-pipe.  The  motion,  tliereforc,  of  each 
piston,  supposing  it  to  be  uniform,  must  divide  a  second  into 
six  equal  parts,  and  the  puffs  of  the  blast-pipe  in  the  chimney 
must  divide  a  second  into  twelve  equal  parts.  The  motion  of 
the  slides  and  other  reciprocating  parts  of  the  machinery  must 
consequently  correspond. 

This  motion  of  the  reciprocating  parts  of  the  macliinery 
being  found  to  be  injurious  to  it,  and  to  produce  very  rapid 
wear,  attempts  have  been  made  to  remedy  the  defect,  and  to 
obtain  greater  speed  with  an  equal  or  diminished  rule  of 
motion  of  the  piston,  by  the  adoption  of  driving  wheela  of 
greater  diameter,  and  on  several  of  the  great  Hues  of  railway 
the  magnitude  of  the  wheels  for  the  passenger-engines  have 
been  increased  to  five  feet  and  a  lunlf  and  six  feet  diameter; 
but  such  engines  have  not  been  aufficiently  long  in  use  to 
aflbrd  grounds  for  fonning  a  practical  estimate  of  their  effects. 
Experiments  of  a  much  bolder  description  have,  however, 
been  tried  on  one  of  the  great  lines  of  railway  by  the  adop- 
tion of  di-iving  wheels  of  much  greater  diameter.  In  some 
cases  their  magnitude  haa  been  increased  oven  to  ten  feet; 
but  Irom  various  experiments  to  which  these  engines  have  been 
submitted  by  mv«plf  and  others,  as  well  as  from  the  expcri- 
cuce  which  appears  to  be  obtained  from  the  results  of  their 
ordinary  work,  it  does  not  appear  tliat  any  advantages  have 
attended  them,  and  they  have  been  accordingly  for  the  most 
part  abandoned. 

Tlie  pressure  of  steam  ill  the  boiler  is  limited  by  two  saf<^- 
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valve»,  represented  in^^.  97.  at  K  and  o.  The  ralve  at  M  is 
under  the  control  of  the  engineer,  but  the  valve  at  o  u  id- 
accessible  to  him.     The  structure 


Fyf. 


Ftf.  1 13. 


of  the  eafetv-vak*  r«pi^ 
scntcnl  at  N  M  exhibit- 
ed on  a  lai^er  Rcair  is 
y^.  \\2.,  which  repre- 
sents its  sectioo,  and 
Jiff.  113.,  which  abnra 
a  plan  of  thevalTe.«Mt 
with  the  ^'olvr  renwved. 
The  valve  A,  which  is  made  of  brass,  h  mitred  round  thff 
edge  at  an  angle  of  45^>  and  has  a  spindle,  or  stalk  a,  oil 
upon  it,  projecting  downwards  from  the  middle  of  it*  Thm 
Talve-«oat  c  is  abo  made  of  brass,  and  cast  with  a  flange 
at  the  bottom  to  attach  it  to  the  boiler.  The  mitred  aurfaor 
of  the  valve  is  ground  into  the  valve-seat,  so  as  to  raA  in 
steam-tight  contact  with  it.  Across  the  valvc-scatf  whidi 
is  two  and  a  half  inches  in  diameter,  is  cost  a  thin  piece  d. 
seen  in  plan  in^.  113.  and  in  section  in  jSy.  1 12.  wtucfa 
extends  from  the  top  to  the  bottom,  and  has  a  longitudinal 
hole  through  it,  iu  wliiefa  the  spindle  b  of  the  valve  works: 
by  this  hole  it  is  guided  when  it  rises  from  its  seat.  A 
projection  E  is  cast  upon  tlie  seat  of  tlic  valve,  in  whkli  a 
standard  f  is  inserted.  This  standard  is  forked  at  tlie  top^ 
and  i-eceives  tlie  end  of  a  lever  q,  which  tunu  in  it  upon  • 
centre.  A  rod  ii  is  jointed  to  this  lever  bj  anothiT  pin  at 
three  inches  from  the  former,  and  the  lower  end  of  this  rod, 
ground  to  a  point,  presses  upon  the  centre  of  the  %al»-e  a.  Al 
the  other  end  of  the  lever,  which  is  broken  off  in^yEi/.  112., ata 
distance  of  three  feet  from  tlie  centre  pin,  inserted  in  the  fork 
of  the  pillar  f,  the  rod  of  a  common  Kpnng-balanre  tP,J^lQ\., 
is  attached  by  a  finger-nut  n.  The  bottom  of  ihis  ipria^ 
balance  is  secured  on  to  the  fire-box.  This  hnlance  b  acrvwed 
up  by  the  finger-nut  on  the  valve-lever  until  the  reqiusvd 
pressure  on  the  lever  is  produced  through  the  medium  of 
the  rod  h,  this  pressure  being  generally  fifty  pound*  ytt 
square  inch  above  the  atmosphere.  When  the  pruaauf  of 
the  steam  in  the  boiler  exceeds  this,  the  valve  a  k  nited 
from  its  seat,  and  the  steam  ewapes. 

It  is  evident  that  the  sliding  weight  by  which  the  puwiu* 


I 


« 


MOST    RECENT    LOCOMOTIVE    ENGINES. 


403 


»- 


of  the  salety-^Tilve  is  sometimes  reflated  in  stationary  en- 
gines would  not  be  admissible  in  a  locumottve  engine,  since 
the  motion  of  the  engine  would  constantly  jolt  it  up  and 
down,  and  cause  the  steam  tu  escape.  One  of  the  disadvan- 
tages attending  the  use  of  the  spring-valve  is  that  it  cannot 
be  opened  to  let  the  steam  escape  without  increasing  its 
force,  so  that  tlie  stcnm,  when  escaping,  must  really  have  a 
greater  prettsure  than  that  to  which  the  valve  has  been  pre- 
viously adjusted.  The  longer  the  lever  is,  the  greater  will 
be  this  difference  of  pressure,  ina.smuch  as  a  given  elevation 
of  the  pin  governing  the  rod  ii  would  cause  a  proportionally 
greater  motion  in  that  end  of  the  lever  attached  to  the 
spring. 

The  second  safety-valve  o  is  enclosed  in  a  case,  so  that  it 
is  inaccessible,  and  its  purpose  is  to  limit  the  power  of  the 
engineer  to  increase  the  pressure  of  steam  in  the  boiler,  This 
Titve  is  similar  in  construction  to  the  former,  but  instead  of 
being  held  down  by  a  lever,  is  pressed  upon  by  several  small 
elliptical  springs  placed  one  above  another  over  the  valve, 
and  held  down  by  a  screw  which  turns  in  a  frame  Y,  fixed 
into  the  valve-aeat.  By  this  screw  the  pressure  on  the  valve 
can  be  adjusted  to  any  required  degree;  and  if- the  open 
safety-valve  be  screwed  down  to  a  greater  pressure,  the  steam 
will  begin  to  escape  from  tins  second  valve. 

-\lso  in  the  case  where  the  boiler  produces  surplus  steam 
fajiter  than  its  escape  can  bo  effected  at  the  valve  n,  the 
pressure  will  sometimes  be  increa:$(.'d  until  the  valve  o  is 
opened,  and  its  escape  will  take  place  from  both  valves. 

TTie  whole  weight  of  the  engine  bears  upon  those  parts  of  the 
axles  R'.yZy.  99.,  which  project  heyond  the  wheels.  Boxes 
arc  formed  in  which  these  parts  of  the  axles  turn,  and  through 
the  medium  of  which  the  weight  of  the  engine  rests  upon 
them.  Over  these  boxes  are  constructed  oil  or  grease  cups, 
"by  means  of  which  the  axles  are  constantly  lubricated.  It  is 
usual  to  lubricate  the  axles  of  the  engine  itseli"  with  oil;  the 
SLxlcs  of  the  tender,  and  other  coaches  and  waggons,  are 
lubricated  with  a  mixture  of  oil  and  tallow.  In  tliL-  middle 
of  the  box  in  which  the  axle  turns,  and  between  the  two  oil- 
cups,  is  cast  a  socket,  in  which  the  end  of  the  spindle  on 
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which  the  spring  presses  rests.  The  springs  arc  com| 
of  a  number  of  steel-plateK,  laid,  in  the  utiual  manner, 
above  the  other,  increiuing  in  length  upwards.  In  tbt 
engine  here  described,  the  plates  forming  the  iipringx  of 
the  driving  wheels  arc  thirteen  in  number,  each  of  which 
IB  four  inclies  in  width,  and  j^ths*  of  an  inrh  in  tiitcknoM. 
The  springe;  upon  the  other  wheels  are  tliree  incheft  in  width. 
The  tiprings  of  the  driving  wheeU  are  below  the  axle,  wkilc 
lho6e  of  the  smaller  wheels  are  above  it. 

Buffers  d"  arc  placed  behind  the  tender,  which  act  upm  ■ 
aj>ring  c.  {Jig.  100.),  to  break  the  collision,  when  tlic  waggons 
or  carriages  strike  upon  the  tender,  and  similar  huffcn  are 
attached  to  all  passenger-coaches.  Some  of  theae  buflcn  are 
constructed  with  a  system  of  springs  similar  to  r,  but  mott 
elastic,  und  combined  in  greater  number  under  the  frautinic 
of  the  carriage,  so  that  a  considerable  play  is  allowMl  to 
lliem.  In  some  coses  the  rods  of  the  buiTers  arc  made  to  ad 
upon  strong  spiral  springs  inserted  in  the  side*  of  the  franii^ 
of  tlie  carriage.  This  arrangLincnt  ^ves  greater  play  to  the 
buffers ;  and  as  everv  coach  in  a  train  has  several  buffers,  the 
combined  efl*cct  of  these  is  such,  that  a  considerable  tihotk 
given  to  either  end  of  the  train  may  be  rendered  harmlcas 
by  being  spent  upon  the  elasticity  of  these  several  systems 
of  springs. 

In  order  to  give  notice  of  tlie  approach  of  a  train,  a  steain- 
whistle  jJ yJigM~.  101.,  is  placed  immediately  above  the  flr»4wi 
at  the  back  of  the  engine.  This  is  sn  apparatus  composed  of  two 
small  hemisplieFL's  of  brass,  M-parated  one  from  tlic  other  by  s 
small  space.  Steam  is  made  to  pass  through  a  hollow  qwce 
constructed  in  the  lower  hemisphere,  and  escapes  from  a  vwy 
narrow  circular  o{>ening  round  the  e<lge  of  that  henuspheiVt 
rushing  up  with  a  force  proportionate  to  its  pressure.  The 
edge  of  the  upper  hemisphere  presented  downwarcU  enooiDh 
ters  this  steam,  and  un  effect  is  produerd  similnr  to  th* 
action  of  air  in  ni^an  pipes.  A  shrill  whistle  is  produced, 
which  can  be  heard  at  a  very  considerable  dlslanco,  and, 
differing  frnni  all  ordinary'  sounds,  it  never  fails  to  give  timely 
notice  of  the  approach  of  a  train. 

The  water  tank  i",^.fl8.  HMI.,  which  is  construrled  on  iW 
tender,  is  fonued  of  wrou^ht-iron  plates  ^  of  an  inch  thick. 
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rii-eted  at  the  corners  byon^Lc  iron  already  described.  This 
tank  is  9  feet  Inng.  6f  feet  wide,  nnd  2|  foet  deep.  The  top  is 
covered  with  a  btMird  k",  oiid  a  raised  platform  s"  ia  con- 
structed behind,  divided  into  three  part«,  covered  with  leads, 
which  open  on  hinges.  The  middle  lid  covers  au  opening  lo 
the  tank  by  which  water  i»  let  in  :  the  lids  at  either  side  cover 
boxes  in  which  are  contained  the  tools  necessary  to  be  carried 
with  the  engine.  The  cur%-ed  pipe  v^'^Jig.  98.,  leading  from  the 
bottom  of  the  tank  to  the  pipe  q",  is  of  copper.  The  pipe  q". 
connecting  the  latter  with  the  feed-pipe  K',_^y.i)9.,ia  aonietimes 
formed  of  leather  or  India-rubber  ctoth^  ha\'ing  a  spiral  spring 
on  the  inside  to  prevent  it  from  coUnpsing.  It  is  necessary 
that  this  pipe  q"  should  Iiave  a  i>ower  of  jielding  to  a  suifi- 
(dent  degree  to  accommodate  itself  to  the  inequalities  of 
motion  between  tlie  eiiKi""^  n'^d  tender.  A  metal  pipe  is 
sometimes  used,  supplied  with  a  double  ball  and  socket,  and 
a  teletKopic  joint,  having  suliictent  play  to  allow  for  the 
lateral  and  longitudinal  inequalities  of  motion  of  the  engine 
and  tender.  The  weight  of  au  engine,  such  as  that  hcr« 
described,  supplied  with  its  proper  quantity  of  water  and 
fuel,  is  ai>out  1^  tons:  the  tender,  when  empty,  weighs  about 
8J  tons;  and  when  tilled  witli  water  and  fuel  iLs  weight  is 
7  tons.  The  tank  contains  700  gallons  of  water,  and  the 
tender  is  capable  of  rarrj-ing  about  800  weight  of  coke.  This 
supply  is  sufitcieiit  for  a  trip  of  IJom  thirty  to  forty  miles 
with  an  ordiuar)-  load. 

(198.)  It  is  not  usual  to  express  the  power  of  locomotive  en- 
gines in  the  same  manner  as  that  of  otlier  engines  by  the  term 
horse-power.  Indeed,  until  the  actual  amount  of  resistance 
opposed  to  these  machines,  under  the  various  circumstances 
in  which  they  are  worked,  shall  be  ascertained  with  some 
degree  of  precision,  it  is  impossible  that  their  power  or  eili- 
eiency  can  be  estimati'd  with  any  tolerable  degi-ee  of  approxi- 
mation. The  quantity  of  water  evaporated,  and  passed  in 
steam  through  the  cylinders,  supplies  a  major  limit  t<»  the 
p«ywer  exerted ;  but  even  this  necessary  clement  lor  the  cal- 
etilation  of  the  elhcacy  of  these  machines  lias  not  been  ascer- 
tained by  a  sulliciently  extensive  course  of  observation  and 
experiment.     Mr.  Stephenson  slates,  that  the  engine  which 
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has  been  here  described  ia  capable  of  ei-aporftting  77  eahw 
feet  of  water  per  hour,  while  tiio  early  locomotim  could  cady 
evaporate  16  cubic  feet  per  hour.  This  evaporation,  how* 
ever,  is  inferior  to  that  which  1  have  aKcrtaincd  myaotf  to  In 
produced  by  engines  in  regular  operation  on  Kune  o£  Um 
nortlieru  railways.  In  on  cx{>criment  made  in  July,  1899, 
with  the  Hccla  engine,  I  found  that  tlie  evaporation  in  a  trip 
of  iiiiicty-llve  miles,  from  Liverpool  to  Birmiugham,  was  at 
the  rate  of  93'S  cubic  feet  per  hour,  and  in  returning  the 
same  distance  it  was  at  the  rate  of  85*7  cubic  feet  per  bonr, 
giving  a  mean  of  89  cubic  feet  per  hour  nearly.  The  Ht^ 
weighed  \2  tons;  and  its  dimensions  and  proportions  rar> 
responded  very  nearly  with  those  of  the  engine  abovr  d»< 
scribed. 

In  a  course  of  experiments  which  I  made  upon  the  engines 
then  in  use  on  the  Grand  Junction  Railway  in  the  autnaui 
of  18SS  I  found  that  tliu  ordinary  evapom(ing  power  ofthne 
engines  varied  from  eighty  to  eighty-five  cubic  feet  per  hour- 
Engines  of  much  greater  dimensions,  and  consequently  of 
greater  evaporating  power,  are  used  on  the  Great  Weslen 
Railway.  In  the  autumn  of  1838  experiments  were  made 
upon  these  engines  by  Mr.  Nicholas  Wood  and  myself,  when 
we  found  tliat  tlie  most  powerful  engine  on  that  line,  tfa* 
North  Star,  drawing  n  toad  of  110^  tons  gro&s,  engine  tmi 
tender  inclusive,  at  dO|  miles  an  hour,  evaporated  i^OO  culne 
feet  of  water  per  hour.  The  same  engine  dniiving  a  load 
194^  tons  at  18^  miles  an  hour  e\-aporated  I+l  cubic  feet 
hour,  and  wlien  drawing  45  tons  at  38^  miles  an  hour  en^M^ 
rated  198  cubic  feet  of  water  per  hour. 

It  has  been  already  shown  tliat  a  cubic  foot  of  water 
evaporated  per  hour  produces  a  gross  amount  of  mecha* 
nical  force  very  little  less  than  two-horse  power,  and  oon- 
sequentlr  the  gross  amount  of  nieclianical  power  cvolred  in 
these  cases  by  the  evaporation  of  the  locomotive  boilen  will 
be  very  nearly  twice  as  many  horse-power  aa  there  arc  cubic 
feet  of  water  evaporated  per  hour.  Thus  the  eraporatioa  of 
the  Heels,  in  the  experinieuls  miide  in  July,  1839,  gave  * 
gross  power  of  about  one  hundred  and  eighty  horaea,  i 
the  evaporation  of  the  North  Star  gave  a  power  of  abont 
hundred  horses.     In  stationan.'  engines  about  luilf  the 
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power  evolved  in  the  evaporation  ia  allowed  for  traate,  fric- 
tion, and  other  sources  of  resistance  not  connected  witli  the 
load.  What  quantity  should  be  allowed  for  tiiis  in  locomo- 
tive engines  is  not  yet  ascertained,  and  therefore  it  is  impas- 
sible to  state  what  proportion  of  the  whole  evaporation  is  to 
be  taken  as  representing  the  useful  horse-power. 

(199.)  The  great  unifoniiity  of  resistance  produced  by  the 
traction  of  carriages  upon  ,i  railway  is  such  as  to  render  the 
application  of  steam  power  to  that  purpose  extremely  ad^'an- 
tagcous.  So  far  as  this  resistance  depends  on  mechanicul 
dcfectfl,  it  is  probably  rendered  as  unifonn  as  is  practicable, 
and  in  proportion  to  the  quantity  of  load  carried  is  reduced  to 
aa  small  an  amount  as  it  is  likely  to  attain  under  any  prac- 
ticable circuinstaiiccs.  Until  a  recent  period  this  resistance 
was  ascribed  altogether,  or  nearly  so,  to  mechanical  causes. 
The  inequalities  of  the  road-surface,  the  friction  of  tlie  axles 
of  the  wheels  in  their  bearings,  and  the  various  sources  of 
resistance  due  to  the  machinery-  of  the  engine,  being  tlic  prin- 
cipal of  these  resistances,  were  for  the  most  part  inde- 
pendent of  the  speed  with  whicli  the  train  was  moved;  and  it 
was  accordingly  assumed  in  all  calculations  respecting  the 
power  of  locomotive  engines  that  the  resistance  would  be 
practically  the  same  whatever  might  be  the  speed  of  the 
train.  It  had  been  well  understood  that  so  for  as  the  atmo- 
sphere might  offer  resistance  to  the  moving  power  this  would 
be  dependent  on  tlic  speed,  and  would  increase  in  u  very  high 
ratio  with  the  speed;  but  it  was  considered  that  the  part  of 
the  resistance  due  to  this  cause  fornifd  a  fraction  of  the  whole 
amount  so  insignificant  that  It  might  be  fairly  disregarded  in 
practice,  or  considered  as  a  part  of  the  actual  computed  re- 
sistance taken  at  an  avei'agc  speed. 

It  has  been,  until  a  late  period,  accordingly  assumed  that 
the  total  amount  of  resistance  to  raiUvny  trains  wiiich  the  lo- 
comotive engines  have  had  to  overcome  was  about  the  two 
hundred  and  tiftietli  part  of  the  gross  weight  of  the  load 
drawn:  some  engineers  estimated  it  at  a  two  lunidred  and 
twentieth ;  others  at  a  two  hundred  and  liflieth  ;  others  at  a 
three  hundred  and  thirtietli  part  of  the  load  ;  and  the  two  hun- 
dred and  fiftieth  part  of  the  gross  load  drawn  may  perhaps  be 
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considered  as  a  mean  between  these  much  i-aiTing  cstintatcsL 
What  the  experiments  weix<,  if  any,  on  which  these  rmi^ 
estimates  were  based,  has  never  appeared.  Kach  cn^nccr 
formed  hi-H  own  valuation  of  tliis  efTert,  hut  none  pntducal 
the  experimental  grounds  of  their  opinion.  It  has  been  Mid 
tliat  the  trains  run  down  the  engine,  or  that  tlie  drawing 
chains  comieeting  tlie  euglite  slacken  in  descending  ■&  io* 
clination  of  Hixleeii  feet  in  a  mile,  or  y^jf  Numerous  ex- 
periments, however,  made  by  myself,  as  wcU  as  the  constanl 
experience  now  daily  obtained  on  railways,  show  that  this  ii 
a  fallacious  opinion,  except  at  rclocitica  so  low  as  are  Drrer 
practised  on  railways. 

(JiOO.)  In  the  autimin  of  1838  a  course  of  experiments  mm 
conmienccd  at  the  suggestion  of  some  of  the  proprietors  of 
thu  Great  Wcalf  m  Railway  Company,  with  a  view  to  deter- 
mine  various  points  connected  with  the  structure  and  the 
workinp  of  railways.  A  part  of  these  experiments  mn 
intended  to  determine  the  mean  amount  of  t)ic  mtil- 
ing  force  opposed  to  the  moving  power,  and  this  pari  was 
conducted  by  me.  iVfter  having  tried  vmrioiu  expedicntt 
for  determining  the  mean  amount  of  resisUncc  to  thv 
moving  power,  1  found  that  no  method  gave  satis&clarjr 
results  except  one  founded  on  observing  tlie  motion  of  tnuu 
by  gravity  down  steep  inclined  planes.  When  a  train  of 
waggons  or  coaches  is  placed  upon  an  inclined  plane  lo  Btecp 
that  it  shall  descend  by  its  gravity  without  any  moving  pomr, 
its  motion,  when  it  proceeds  from  a  state  of  rest,  will  be  gn^ 
dually  accelerated,  and  if  lite  resistance  to  tJiat  motion  WM,M 
it  has  been  commonly  supposed  to  be.  uniform  and  indepeiH 
dent  of  tlie  speed,  the  descent  would  be  uniformly  acceiera4Ml: 
in  other  words,  the  increase  of  speed  would  be  proportional 
to  the  time  of  the  motion.  Whatever  velocity  the  train 
would  gain  in  the  first  minute,  it  would  acquire  twice  thai 
velocity  at  the  end  of  the  second  minute,  tliree  times  that 
Telocity  at  the  end  of  the  third  minute,  and  »o  on  \  and  this 
increase  of  velocity  would  continue  to  follow  the  same  law, 
however  extended  the  plane  might  he.  Tliat  such  would  be 
tlte  law  wbich  the  descending  motion  of  a  train  would  follow 
had  always  been  8Up)>osed,  up  to  the  time  of  the  experiments 
now  referred  to ;  and  it  was  even  maintained  by  some  that 
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fuch  a  law  was  iu  strict  cunformity  with  experiments  made 
upon  railways  and  duly  reported.  The  first  experiments  in- 
stituted by  Die  at  the  time  just  referred  to  iifTorded  u  complete 
refutation  of  this  doctrine.  It  was  found  that  the  accelera- 
tion was  not  uniform,  but  that  with  every  increase  of  spctd 
the  acceleration  was  lessened.  Thus  if  a  certain  speed  were 
gained  by  a  train  in  one  second  when  moving  at  five  miles  an 
hour,  a  much  less  speed  was  gained  in  oue  second  when  mov- 
ing ten  miles  an  hour,  and  a  comparatively  small  speed  was 
gained  in  the  same  time  when  moving  at  fifteen  miles  an  hour, 
and  so  ou.  In  fact,  the  augmentation  of  the  rale  of  accele- 
ration appeared  to  diminish  in  a  very  rapid  propoition  as 
tlie  speed  increased:  tltis  suggested  to  me  the  probability 
ihat  a  sulticiently  great  increase  of  speed  would  destroy  all 
acceleration,  and  that  the  train  would  at  length  move  at  a 
uniform  velocity.  In  effect,  since  the  moving  power  which 
impels  a  train  down  an  inclined  plane  of  miiform  inclination 
is  that  fraction  of  the  gross  weight  of  the  train  which  acts  in 
the  direction  of  tlie  plane,  this  moving  power  nmst  be  ne- 
cessarily invariable ;  and  as  any  acceleration  which  is  produced 
must  arise  from  the  excess  of  this  moving  power  over  the 
resistance  opposed  to  the  motion  of  the  train,  from  what- 
ever causes  that  resistance  may  arise,  whenever  acceleration 
ceases,  the  moving  force  must  neces.sarily  he  equal  to  the 
rcftistance ;  and  therefore,  when  a  train  descends  an  inclined 
plane  with  a  uniform  velocity,  the  gross  resistance  to  the 
motion  of  tiie  train  must  be  equal  to  the  grotis  weight 
of  the  train  resolved  in  tlie  direction  of  the  plane ;  or,  in 
other  words,  it  must  be  equal  to  that  fraction  of  the 
whole  weight  of  the  train  which  is  expressed  by  the  in- 
cLiiuttion  of  the  plane.  Thus  if  it  be  supposed  that  the  plane 
falls  at  the  rate  of  one  foot  in  one  hundred,  then  the  force 
impelling  the  train  dowiiwards  will  be  equal  to  the  hundredth 
part  of  the  weight  of  the  train.  So  long  as  the  resistance  to 
the  motion  of  tlie  train  continues  to  be  less  thnn  the  hun- 
dredth part  of  its  weight,  so  long  will  the  motion  of  the  train 
be  accelerated;  and  the  more  the  hundredth  part  of  the 
weight  exceeds  the  resistance,  the  more  rapid  will  the  accele- 
ration be;  and  the  less  the  hundredth  part  of  the  weight 
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exceeds  the  resistance,  the  leiw  rapid  will  thr  accrlcnticm  be. 
If  it  be  true  tliul  the  auiouiit  uf  rcsistoucc  incre&sn  with  Uk 
increase  of  speed,  then  a  speed  may  at  lengtli  be  atlaioed  w 
great  that  the  amuunt  of  resistance  to  llie  malioti  of  the  tnin 
vnU  he  equal  to  the  hundredth  part  of  the  weight.  Wbeo 
that  liappeiis,  tlie  jnuving  power  of  a  huudrcdth  part  of  ih» 
weight  of  the  train  being  exactly  equal  to  the  rcsUtimce  to 
the  motion,  there  is  no  excess  of  power  to  produce  accclen- 
tion,  and  therefore  the  motion  of  the  train  will  he  unifona. 

Founded  on  these  principles,  a  vast  number  of  cxperimpnti 
were  made  on  plaiies  of  diiferent  iucliiiations,  and  with  kwls 
of  various  magnitudes ;  and  it  was  found,  in  general,  that 
when  a  train  descended  an  inclined  plane,  tlie  rate  oC  Accekfw 
ation  gradually  diminished,  and  at  length  liecame  nniilatB; 
that  the  uniform  speed  thus  attained  depended  on  the  wei|^ 
fomi,  and  magnitude  of  the  train  and  the  ioclinatioa  of  the 
plane ;  that  the  same  train  on  <lifierent  inclined  planes  at- 
tained diflcreut  uniform  speeds  —  on  the  sleeper  planet  a 
greater  speed  being  attained.  Front  such  experiments  it  fol- 
lowed, contrary  to  all  that  had  been  previously  suppoaed,  thtl 
the  amount  of  resistance  to  railway  trains  Itad  a  depoideiwt 
on  the  speed;  that  this  dependence  was  of  great  practial 
importance,  the  resistance  being  subject  to  very  consideniblf 
vai'iutiun  ut  different  speeds,  and  that  this  source  of  mdctanc* 
arises  from  the  atmosphere  which  the  train  eueountera.  Thii 
was  rendered  obvious  hy  the  different  amount  of  resistance  to 
tlie  motion  of  a  train  of  coaches  and  to  that  of  a  train  of  lav 
waggons  of  equal  weight. 

The  fonncr  editions  of  tliis  work  hanng  been  published 
before  the  discovery  which  has  resulted  from  tlieae  experi- 
ments, the  average  amuunt  of  resistance  to  railway  train*, 
there  stated,  and  the  conclusions  deduced  therefrom,  woit 
in  conformity  willi  what  was  then  known.  It  was  stated 
that  the  resistance  to  the  moving  power  was  practically  inde- 
pendent of  the  speed,  and  on  level  rails  was  at  the  aTen^e 
race  of  almut  seven  pounds  and  a  half  per  ton.  This  amooDl 
would  be  equivalent  to  tlie  gravitation  of  a  load  down  u 
inclined  plane  falling  ^^q,  and  consequently  in  anccvdiny 
auch  a  plane  tlic  moving  power  would  have  to  encounter  twice 
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the  lesistance  opposed  to  it  on  a  leveL  As  it  was  generally 
assumed  that  a  loconaotiTe-ejiginc  coiUd  not  adTantageousIy 
var^-  its  tractive  power  boyond  this  limit,  it  was  therefore  in- 
ferred that  gradients  (aa  inclinations  are  called)  ought  not  to 
be  couiitructcd  of  greater  steepness  than  5^.  It  was  sup- 
posed that  in  descending  gradients  more  steep  than  this  tho 
train  would  be  accelerated  and  would  require  the  use  of  the 
brake  to  check  ita  motion,  while  in  ascending  such  planes  the 
engine  would  be  reqiured  to  exert  more  than  twice  the  ordi- 
nary tractive  power  required  on  level  rails.  As  llie  resistance 
produced  by  the  air  was  not  taken  into  consideration,  no  dis- 
tinction was  made  between  heavy  trains  of  goods  present- 
ing a  frontage  aiul  magnitude  bearing  a  small  proportion  to 
their  gross  weight  and  lighter  trains  of  passenger-coaches  pre- 
senting great  frontage  and  great  magnitude  in  proportion  to 
their  weight.  The  result  of  the  experiments  above  explained 
leads  to  inferences  altogether  at  variance  with  those  which 
have  been  given  in  funncr  editions  of  tlie  present  work,  and 
which  were  then  universally  admitted  by  railway  engineers. 
The  tendency  of  the  results  of  these  experiments  show  that 
low  gradients  on  railways  are  not  attended  with  the  advanta- 
geous effects  wiiich  liavc  been  hitherto  ascribed  to  tUem  ;  that^ 
on  the  contrary,  the  resistance  produced  by  steeper  gra- 
dients can  be  compenaatcd  by  slackening  the  speed,  so  tliat 
the  power  shall  be  relieved  from  as  much  atninspheric  resist- 
ance by  the  diminution  of  velocity  as  is  equal  to  the  increased 
resiatance  produced  by  the  gravity  of  the  plane  wliich  is  as- 
cended. jViid,  on  the  other  liand,  in  descending  the  plane 
the  speed  may  be  increased  until  the  resistance  produced  by 
the  atmosphere  is  increased  to  the  same  amount  as  that  by 
which  the  irain  is  relieved  of  resistance  by  the  declivity  down 
w^hich  it  moves.  Thus,  on  gradients,  the  inclination  of  which 
is  confined  within  practical  limits,  the  resistance  to  the  mov- 
ing-power may  be  preserved  uniform,  or  nearly  so,  by  varying 
the  velocity. 

(^1.)  The  series  of  experiments  which  have  established  these 
general  conclusions  have  not  yet  been  sufficiently  extended 
and  varied  to  supply  a  correct  practical  estimate  of  tlie  Imut 
which  it  would  be  most  advantflgeous  to  impose  upon  tho 
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gradients  of  railways ;  but  it  is  certain  that  raUwajrs  mav  be 
laid  down,  without  practical  disadvantage,  viih  gndienta  con< 
aiderably  slcept-r  than  those  to  which  it  has  been  hitherto  tht 
practice  to  recommend  as  a  limit. 

The  principle  of  compensation  by  varied  speed  being  ad* 
mitted,  it  will  follow  that  the  time  of  transit  between  terminal 
and  terminus  of  a  line  of  railway  laid  down  with  gTBdicnti, 
varying  from  twenty  to  thirty  feet  a  mile,  will  be  pnwticaUy 
the  same  an  it  would  be  on  a  line  of  the  same  length  con- 
structed upon  a  dead  level ;  and  not  only  will  the  time  of  tr«i»- 
port  be  equal,  but  the  quantity  of  monng  power  expended 
will  not  be  materially  different.  Tl»e  difference  between  tlw 
circumstances  of  the  transport  in  the  two  ciues  will  be  merely 
that,  on  the  undulating  line,  a  varying  velocitj*  will  be  im- 
parted to  the  train  and  a  varying  resistance  opposed  to 
the  moving  power ;  while  on  the  level  line  the  train  wonU 
be  moved  at  a  luiiform  speed,  and  the  engine  worked  agminvt 
a  uniform  resistance.  These  conclusions  have  bei-n  abun- 
dantly eonfuined  by  the  experiments  made  in  last  July  wjtli 
the  Hecla  engine  above  referred  to.  The  line  of  railwiy 
betwccn  Liverpool  and  Birmingham  on  which  tlie  experinicut 
was  made  extended  over  a  distance  of  ninetj'-five  mileo,  and 
the  gradients  on  wliich  the  effects  were  obser%ed  varied  from 
a  level  to  thirty  feet  per  mile,  a  great  portion  of  the  line 
being  a  dend  level.  The  following  table  shows  the  unifoiu 
ipeed  with  which  the  train  ascended  and  deflceoded  the  w* 
veral  gradient?,  and  aUo  the  mean  of  the  ascent  and  dMCtnl 
in  each  ease,  as  well  as  the  speed  upon  the  level  parts  of  the 
line; — 


GnSmL 

SpMd. 

U«n. 

Amoding. 

DtfidiBg. 

Omim 

Hfilti  per  Ikomr. 

Mitef  per  Avar. 

177 

«!■« 

♦  1-32 

3I-7S 

MS 

8*-97 

3»'13 

39-00 

330 

sa-so 

3707 

SflG 

400 

fifl-S7 

30  75 

SI-SI 

53a 

87-35 

34-30 

ao^a 

600 

27-37 

33)6 

ao-9i 

660 
Ural    . 

8903 

* 

38  d8 

90^0 

90-93 
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From  this  table  it  U  nppiirpnt  that  tlie  pradients  do  possess 
the  compensating?  power  with  respect  to  speed  jilready  men- 
tioned. The  discrepancies  existing  among  the  mean  vahies 
of  the  speed  are  only  what  may  be  fairly  ascribed  to  casual 
variatioiia  in  the  moving  power.  The  experiment  was  made 
under  favourable  circumstances:  little  disturbance  was  pro- 
duced from  the  atmospliere  ;  the  day  was  quite  calm.  ]n  the 
same  expcrimcut  it  was  found  that  the  water  evaporated 
varied  verj-  nearly  in  proportion  to  tlie  vaiying  resistance, 
and  the  amount  of  that  evaporation  may  be  Utken  as  afford- 
ing on  appru.ximalion  to  the  mean  amount  of  resistance. 
Taking  the  trip  to  and  from  Birmingham  over  the  distance  of 
190  miles,  the  mean  evairoration  per  mile  wa.s  S'3G  cubic  feet 
of  water.  The  voliune  of  steam  produced  by  tliis  quantity 
of  water  will  be  detennined  approximately  by  calculating 
the  number  of  revolutions  of  the  driving  wheels  necessary  to 
move  the  engine  one  mile.  The  dri\'ing  wheels  being  5  feet 
in  diatnc'ter,  their  circumference  was  lo'T  feet,  and  conse- 
quently in  passing  over  a  mile  thfy  would  have  revolved 
33C'3  times.  Since  each  revolution  consumes  four  cylinders 
full  of  steam,  the  quantity  of  stram  supplied  by  the  boiler  to 
the  cylinders  per  mile  will  be  found  by  multiplying  the  con- 
tents of  the  cylinder  by  four  times  336'3,  or  134-5-2. 

The  cylinders  of  the  Hecla  were  ISJ  inches  diameter,  and 
18  inches  in  length,  and  consequently  their  contents  were 
\'2S  cubic  feet  for  each  cylinder:  this  being  multiplied  by 
1345*2  gives  1721 -SG  or  ]7::22t:ubicfeet  of  steam  per  mile.  Jt 
appears,  therefore,  that  supposing  the  priming  either  nothing 
or  insignificant,  which  was  considered  to  be  the  case  m  these 
experiments,  S'iiG  cubic  feet  of  water  produced  1722  cubic 
feet  of  steam,  of  the  density  worked  in  the  cylluders.  The  ratio, 
therefore,  of  the  volume  of  this  steam  to  that  of  the  water  pro- 
ducing it,  was  1722  to  3'3fi,  or  .jlii'.'i  to  1.  The  pressure  of 
steam  of  this  density  would  be  54'5  pounds  per  square  inch.* 
Such,  therefore,  was  Uie  iimit  of  the  average  total  pressure 
of  the  steam  in  the  cylinders.  In  this  expei-iment  the  safety- 
valve  of  the  boiler  was  screwed  down  to  GO  pounds  per  square 
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inch  above  the  atmospheric  pressure,  which  waa  therefore  the 
major  limit  of  the  pressure  of  steam  in  the  boiler ;  but  as  the 
actual  pressure  in  the  boiler  must  have  been  lens  than  thia 
amount,  the  diflcreiicc  between  the  pressure  in  the  cylinder 
and  boiler  could  not  bo  ascertained.  Thi«  difference,  how- 
ever, would  produce  no  effect  on  the  moWng  power  of  the 
steam,  since  the  presHure  of  steam  in  the  cylinders  obtained 
by  the  above  calculation  is  yuitc  iiidepcndi:nt  of  the  pressure 
in  the  boiler,  or  of  any  source  of  error  except  what  might  arise 
from  priming-.  The  pressure  of  54*5  pounds  per  square  inch, 
calculated  above,  bein^  the  total  pressure  of  the  steam  on  the 
pistons,  let  M--5  pomids  be  deducted  from  it,  to  represent  the 
atmo!i]>heric  pressure  af^ainst  which  tlie  piston  must  act,  and 
the  remaining  40  pounds  per  square  inch  will  represent  the 
whole  available  force  drawing-  the  train  and  overcoming  all 
the  resistances  arising  from  the  machinery  of  the  engine,  in- 
cluding that  of  the  blast-pipe.  The  magnitude  of  a  liJJ  inch 
piston  being  lf?2-7  square  inches,  tlie  total  area  of  the  two 
pistons  would  he  2+5*2  square  inches,  and  the  pressure  upoa 
.  each  of  40  pounds  per  incli  would  give  a  total  force  of  9816 
on  the  two  pistons.  Since  this  force  must  act  through  a 
space  of  three  feet,  while  the  train  is  impelled  through  a  space 
of  I5'7  feet,  it  must  be  reduced  in  the  proportion  of  3  to 
15*7,  to  obtain  its  effect  at  the  point  of  contact  of  the 
wheels  upon  the  rails:  this  will  give  1875  pounds  as  the  total 
force  exerte<l  in  the  direction  of  the  motion  of  the  train. 
The  gross  weight  of  the  train  being  80  tuns,  including  the 
engine  and  tender,  this  would  give  a  gross  mo%ing  force  along 
the  roud  of  about  23*4  pounds  per  ton  of  the  gross  load,  this 
force  being  understood  to  include  all  the  resistances  due  to 
the  engine.  This  resistance  corresponds  to  the  gravitation  of 
a  plane  rising  at  the  rate  of  jj'j,  and  therefore  it  appears  that 
such  would  be  the  inclination  of  the  plane  by  the  graritation 
of  which  the  gross  resistance  would  be  doubled,  instead  of 
luch  inclination  being  about  5^^,  as  has  been  liitherto  sup- 
posed. 

Since  the  remarkable  and  unexpected  results  of  this  series 
of  experiments  became  known  various  circumstances  were 
brought  to  light,  wliich  were  before  luutotieed,  and  which 
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abundantly  confirm  them.  Among  these  may  be  mentioned 
the  fact,  that  in  descending  the  Madeley  plane,  on  the  Grand 
Junction  Railway,  whicli  falls  for  above  three  miles  at  the 
rate  of  twenty-nine  feet  a  mile,  the  steam  can  never  bo  en- 
lirely  cut  off.  But,  on  the  other  hand,  to  maintain  the  ne- 
ceiaary  speed  in  descending,  the  power  of"  the  engine  is  always 
necessary.  As  this  plane  greatly  exceeds  that  which  would 
be  sufficient  to  cause  the  free  inuliou  of  tlie  tmin  down  it, 
the  power  of  the  engine  expended  in  descending  it,  besides 
ail  that  part  of  the  gmvitaliug  power  of  the  plane  which 
exceeds  the  resistance  due  to  friction  and  other  mechanical 
caunea  must  be  worked  against  the  atmosphere. 

This  estimate  of  the  resistance  is  also  in  conformity  with 
the  reaulta  of  a  variety  of  experiineuts  made  by  me  with 
trains  of  different  magnitudes  down  inclined  planes  of  various 
inclinations. 

(202.)  In  laying  out  a  line  of  railway  the  disposition  of  the 
gradients  sliould  be  such  as  to  preserve  among  them  as  uniform 
a  character  as  is  practicable,  for  the  weight  and  power  of  the 
engine  must  necessarily  be  regulated  by  the  general  steep- 
ness of  the  gradients.  Thus  if  upon  a  railway  which  is 
generally  level,  like  that  bet%veen  Liverpool  and  Manchester, 
one  or  two  inclined  planes  of  a  very  steep  character  occur,  as 
happens  upou  that  line,  then  the  engine  which  is  constructed 
to  work  upon  the  general  gradients  of  the  road  is  unfit  to 
draw  the  same  load  up  those  inclinations  which  form  an 
exception  to  the  general  character  of  the  gradients.  In  such 
cases  some  extraordinary  means  must  generally  be  provided 
for  surmoimting  those  exceptionable  inclinations.  Several 
expedients  have  been  proposed  for  this  purpose,  among  which 
the  following  may  be  mentioned  :  — 

1.  Upon  arriving  at  the  foot  of  the  plane  the  load  is 
divided,  and  the  engine  carries  it  up  in  several  successive 
trips,  descending  the  plane  mi  loaded  after  each  trip.  Tlio 
objection  to  this  method  is  the  delay  which  it  occasions  — 
a  circumstance  which  is  incompatible  with  a  large  transport 
of  passengers.  From  what  has  been  stated,  it  would  be 
necessary,  when  the  engine  is  fully  loaded  on  a  level,  to 
divide  its  load  into  two  or  more  parts,  to  be  successively 
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carried  up  wlieu  the  incline  rises  52  feet  per  mile.  This 
mothod  has  heeu  practised  in  the  trantiport  of  merchandise 
wcnsionally,  when  hca\"j'  loads  wej-o  carried  on  Uie  Liverpool 
and  Maucliester  line,  upon  the  Rainhlll  incline. 

S.  A  Bulwidiary  or  assistant  locomotive  engine  may  be  kept 
in  constant  readiness  at  the  foot  of  each  incline,  for  the  pur- 
pose of  aiding  the  diflerent  trains,  as  they  arrive,  in  ascend- 
ing. The  objection  to  this  method  is  the  cost  of  keeping 
such  ail  enghie  with  its  boiler  continually  prepared,  and  its 
steam  up.  It  is  necessary  to  keep  its  fire  continually  lighted, 
whether  employed  or  not;  otherwise,  when  the  train  would 
arrive  at  the  foot  of  the  incline,  it  should  wait  until  ihe  sub- 
sidiary engine  was  prepared  for  work.  In  cases  where  trains 
woidd  start  and  anive  at  stated  times,  this  objection,  how- 
ever, would  Imvc  less  force.  This  method  is  at  present  ge- 
nerally adopted  on  the  Liverpool  and  Manchester  line. 

3.  A  fixed  steam-engine  may  be  erected  on  the  crest  of  the 
incline,  so  as  to  communicate  by  ropes  with  the  train  at  the 
font.  Such  an  engine  would  he  capable  of  drawuig  up  one 
or  two  trains  together,  with  their  locomotives,  according  as 
tliey  would  arrive,  and  no  delay  need  be  occasioned.  Tliis 
method  refjuires  that  the  fixed  engine  sliould  be  kept  con- 
stantly prepared  fur  work,  and  Uie  stemn  continually  up  in 
the  boiler. 

4.  In  working  on  the  level,  the  commmiication  between  the 
boiler  and  tlie  cylinder  in  the  locomotives  may  be  so  re- 
strained by  partially  closing  the  throltlc-valve,  as  to  cause  tlie 
pressure  upon  the  piston  to  be  less  in  a  considerable  degree 
tluui  the  pressure  of  steam  in  the  boiler.  If  midcr  such  cir* 
cumstanccs  a  sufficient  pressure  upon  the  piston  can  be  ob- 
tained to  diaw  the  load  on  the  level,  the  throttle-valve  may  be 
opened  on  approaching  the  inclined  plane,  so  afi  to  throw  on 
the  piston  a  pressure  incrcui^ed  in  tlie  same  proportion  as  the 
previous  pressure  in  the  boiler  was  greater  than  that  upon  the 
piston.  If  the  fire  be  sufficiently  active  to  keep  up  the  supply 
of  stpam  in  tliis  manner  during  the  ascent,  and  if  the  rise  be 
nut  greater  in  proportion  than  the  power  thus  obtained,  tlic 
locomotive  will  draw  the  load  up  the  incUne  ^^ithout  further 
assistance.     It  is,  however,  to  be  observed,  that  in  thiB  case 
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the  load  upon  ihe  engine  must  be  less  Uian  tlie  amount  whirh 
the  adhesion  of  its  working  wlieels  vrith  the  railroad  is  cft- 
pable  of  drawing;  for  this  adhesion  miiRt  be  adcqnate  to  the 
traction  of  the  same  load  up  the  incline,  otherwise,  whatever 
increase  of  power  might  be  obtained  by  opening  the  throttle- 
valve,  the  drawing  wheels  would  revolve  without  causing  the 
load  to  advance.  This  method  has  been  generally-  practised 
upon  the  Liverpool  and  Manchester  line  in  the  transport  of 
passengers  ;  and,  indeed,  it  is  the  only  method  yet  discovered 
which  is  consistent  with  the  expedition  necessary  for  that 
species  of  traffic. 

In  the  practice  of  this  method  considerable  aid  may  be  de- 
rived also  by  suspending  tlie  supply  of  feeding  water  to  the 
boiler  during  the  ascent.  It  will  be  recollected  tliat  a  reser- 
voir of  cold  water  is  placed  in  the  tender  which  follows  tlte 
engine,  and  that  the  water  is  drivt-n  from  this  resen'oir  into 
the  boiler  by  a  forcing  pump,  which  is  worked  by  the  engine 
itself.  This  pump  is  so  constructed  that  it  will  supply  as 
much  cold  water  as  is  equal  to  t]iee\*aporntion,  so  as  lo  main- 
tain constantly  the  same  quantity  of  water  in  the  boiler,  llut 
it  is  evident,  on  the  other  hand,  that  the  supply  of  this  water 
has  a  tendency  to  check  the  rate  of  evaporation,  since  in  being 
raised  to  the  temperature  of  the  water  with  which  it  mixes 
it  must  absorb  a  considerable  portion  of  the  heat  supplied  by 
tlie  fire.  With  a  view  to  accelerate  the  production  of  steam, 
therefore^  in  ascending  the  inclines,  the  engine  man  may 
suspend  the  action  of  the  forcing  pump,  and  thereby  stop  the 
supply  of  cold  water  to  the  boiler ;  the  evaporation  uill  go  on 
with  increased  rapidity,  and  the  exhaustion  of  water  produced 
by  it  will  be  repaid  by  the  forcing  pump  on  the  next  level,  or 
still  more  eftectually  on  the  next  descending  incline.  Indeed 
the  feeding  pump  may  be  made  to  act  in  descending  an  in- 
cline, if  necessary,  when  the  action  of  the  engine  itself  is  sus- 
pended, and  when  the  train  descends  by  its  own  gravity,  in 
which  case  it  will  perform  the  part  of  n  brake  upon  the  de- 
scending train. 

5.  The  mechanical  connexion  between  the  piston  of  the 
cylinder  and  the  points  of  contact  of  tht-  tvorkitig  wheels  with 
the  road  may  be  so  altered,  upon  arriving  at  the  incline,  as  to 
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give  the  piston  a  greater  power  orer  the  working  whrek. 

This  niaj  (tc  done  in  an  infinite  variety  of  wavs,  hut  hilhrrlo 
no  method  has  been  suggested  sullicientl;^'  simple  to  be  Ap* 
plicuble  in  practice ;  and  even  were  any  menns  suftgrsted 
which  would  accomplish  tliis,  unless  the  intensity  of  the  im- 
pelling power  were  at  the  same  time  incrcafted,  it  would  ne- 
cessarily follow  that  the  spee<l  of  the  motion  would  be  dimi- 
nished in  exactly  the  some  proportion  ns  the  power  of  the 
piston  over  the  working  wheels  would  be  increased,  lliua. 
on  the  inclined  plane,  which  risi's  fifty-five  fe<'t  per  mile,  iipiin 
tlie  Liverpool  Unc,  iho  speed  would  be  diminished  to  dcoHv 
one  fourth  of  its  amount  upon  die  level. 
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LOCOMOTIVE  ENGINES  ON  Tt'RNPlKK  ROAD!). 


■  AlLWftVfl   «>iD  STONE  ROAO^  rOMPAHRD.  —  HR'  niTRNRV  S   STRAM    ESt^IXR. 

CONVKNIENTK  AVD  SAFETY  OF  STEAM  C  ARKIAUHS.  —  MANtruCH's  STlJAM 

BNGtWE. OULK's    STKA«    RTIUIVK.  —  TaKVlTilKCIC'S    INVENTION. — OR. 

CRUBCH'9  STUAM   ENUIMl. 


(903.)  Wc  have  hitlicrto  confined  our  observations  on  steam- 
power,  as  a  means  of  transport  by  land,  to  its  application  on 
railways.  But  modem  speculation  has  not  stopped  there  ;  va- 
rious attempts  have  been  made,  and  attended  with  more  or  less 
success,  to  work  steam -carriages  on  common  roads.  The  mere 
practicability  of  this  projci-t  had  long  been  regarded  as  very 
questionabU'  ;  but  enouj^h  has  born  donu  to  sliow  that  the 
only  doubt  which  cnji  attend  it,  is  as  to  whether  it  ean  be  pro- 
fitabl3*  resorted  to,  as  a  means  of  transport,  and  tins  question 
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has  been  materially  aflected  by  the  recent  extension  of  mU 
ways.  In  comparing  tlic  effect  of  a  stone  road  wiili  on  iron 
railway,  there  are  two  circumstances  which  give  great  supe- 
riority and  advantage  to  the  latter :  first,  tlic  reaiituice 
uppoj>ed  by  a  railway  to  the  moving  power,  no  matter  what 
that  moving  power  may  be,  is  considerably  less  in  proportion 
to  tbe  load  than  on  a  stone  road.  The  average  reiutAnce  on 
a  good  level  stone  road,  to  the  motion  of  carriage*  drawn  at 
the  speed  usually  attained  by  the  application  of  horae-powrr, 
may  be  taken  at  about  a  thirty-aixth  part  of  the  load,  while 
the  resistance  to  a  toad  drawn  upon  a  railway  a/  the  Mom* 
tpecd  probably  does  not  amount  to  a  tenth  part  of  this  resisi* 
ancc.  Thua  the  mo^-iug  power,  whatever  it  may  be,  would 
produce  on  a  railway  ten  times  the  useful  effect  which  it 
would  produce  on  a  stone  road ;  secondly,  the  resistance  which 
is  opposed  to  the  moving  power  on  a  level  railway  !•  much 
more  uniform  than  on  a  stone  road,  and,  consequently,  the 
moving  power  is  les«  subjected  to  jerks  and  inequalities.  This 
renders  tlie  application  of  inanimate  power  more  easy  an  the 
railway.  Those  ineqimlities  uf  surface  which  increase  (he 
amount  of  rcaistanct!  on  slont-  nmds  as  compared  with  railways 
also  produce  a  jolting  motion  in  the  carriage,  to  couutcrart 
which,  (lie  use  of  springs  become  neccsMuy.  These  sprinf^ 
render  the  motion  of  (hat  part  of  tlie  carriage  which  rest*  ojkhi 
them  different  from  that  part  of  the  carriage  whicli  supports 
them ;  and  in  the  application  of  steam -machinery'  it  bt-cnmet 
necessary  so  to  connect  the  moring  power  with  the  whrrls 
that  the  machinery  may  have  one  motion,  and  the  wheels 
which  are  put  in  mechanical  connexion  with  that  machinerr, 
aud  driven  by  it,  shall  have  another  motion.  Tbi&,  it  is  true, 
is  the  case  with  locomotive  engines  on  railways;  but  ovinf 
to  the  greater  smoothness  aud  equality  of  the  railway  niriace 
the  difference  between  tht?  motion  of  the  carriage  body  »u»- 
pended  on  spruigs  aud  that  of  the  wheels  is  much  leas  than 
it  would  be  on  a  stone  road. 

But  besides  the  greater  smoothness  of  railways  campmd 
witl)  stone  roads,  the  latter  have  another  disadvantage,  Um 
effects  of  which  have  probably  been  exAggerated  by  ihoae  vho 
are  opposed  to  this  applicaticm  of  steam-power.     One  of  the 
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WHnof  adhesion  long  since  developed  by  experiment,  luid  es- 
tablished as  a  principle  of  practical  science,  is  that  the  adhe- 
sion is  greater  bct^veen  surfaces  of  tlic  same  than  between 
surfaces  of  a  dilTereut  kind.  Thus  between  two  inetals  of 
the  same  kind,  the  adhesion  corresponding  to  any  given 
presaturo  is  greater  than  between  two  metals  of  difil-rent 
kinds ;  between  two  metals  of  any  sort  the  adhesion  is  greater 
than  between  metal  and  stone,  or  between  metal  and  wood. 
Hence,  the  wheels  of  steam- carriages  runninfi  on  n  railroad 
hare  a  greater  adhesion  with  the  road,  and  therefore  offer  a 
greater  resistance  to  slip  round  withotit  the  advance  of  the 
carriage,  than  wlieels  would  offer  on  a  turnpike  road  ;  for  on 
a  railroad  the  iron  tire  of  the  wheel  rests  in  contact  with  the 
iron  rail,  while  on  a  common  road  the  iron  tire  rests  in  con- 
tact with  the  surface  of  atone,  or  whatever  material  the  road 
may  be  composed  of.  Besides  this,  the  dust  and  loose  matter 
which  necessarily  collect  on  a  common  road,  when  pressed  be- 
tween the  wheels  and  the  aolid  base  of  the  road,  act  somewhat 
iu  the  manner  of  rollers,  and  give  the  wlieils  a  greater 
facility  to  slip  than  if  the  road  were  swept  clean,  and  the 
wheels  rested  in  immediate  contact  with  its  hard  surface. 
The  truth  of  this  obser\'atioii  is  illustrated  on  the  railroads 
themselves,  where  the  adhesion  is  found  to  be  diminished 
whenever  the  rails  are  covered  with  any  extraneous  matter, 
such  as  dust  or  moist  clay.  Although  the  adjiesion  of  the 
wheels  of  a  carriage  with  a  common  road,  however,  be  less 
than  those  of  the  wheels  of  a  steam -carriage  with  a  railroad, 
yet  still  the  actual  ndliesion  on  turnpike  loads  is  greater  in 
amount  than  has  been  generally  supposed,  and  is  yuite  sul- 
ficicnt  to  propel  carriages  drawing  after  them  loads  of  large 
amomit. 

The  relative  facility  with  which  carriages  are  propelled  on 
railroads  and  turnpike-roads  equally  aflects  any  moving 
power,  wliether  that  of  horses  or  steam  engines ;  and  whether 
loads  be  propelled  by  the  one  power  or  the  other,  the  rail- 
road, as  compared  with  the  turnpike-road,  will  always  possess 
the  same  proportionate  advantage;  atid  a  given  amount  of 
power,  whether  of  tlie  one  kind  or  the  other,  will  always  per- 
form a  quantity  of  work  less  in  the  same  proportion  on  a  turn- 
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pike-road  tlian  on  a  rail-road.  But,  un  tlic  ut)ier  hattd,  tlir 
expense  of  original  construction,  and  of  maintaining  tht 
repairs  of  a  rail-road,  h  to  be  placed  again.tt  tht'  ceruuu 
facility  which  it  offers  to  draught. 

In  the  atteinpfa  which  liave  been  made  to  adnpi  loromotiw 
engines  to  turnpike-roods,  iJje  projectors  have  aimed  at  the 
accomplishment  of  two  objects :  first,  the  coiunructi<m  of 
lighter  and  smaller  engines ;  and,  secondly,  increased  powrr. 
These  ends,  it  is  plain,  can  only  be  attained,  wiUi  our  preiwnt 
knowledge,  by  the  production  of  steam  of  very  high  temjier- 
atnre  and  pressure,  su  that  the  smallest  volume  of  steam  shall 
produce  the  grt^^alest  possible  mechanical  effeet.  Th(>  method* 
of  propelling  the  carriage  have  been  in  general  similar  to 
that  used  in  the  railroad  engines,  viz.  cither  by  cranka 
placed  on  the  axles,  tlie  wheels  being  Hxed  upon  the  «ame 
axles,  or  by  connecting  the  piston  rods  witli  the  spoket  of 
the  wheels.  In  some  carriages,  tlie  boiler  and  moving  power, 
and  the  body  of  the  carriage  which  hears  the  paaaeogen,  are 
placed  on  the  same  wheels.  In  others,  tlie  engine  is  placed 
on  a  separate  carriage,  and  draws  after  it  the  carriage  which 
transports  the  passengers,  as  is  always  the  case  un  railways. 

The  chief  difference  between  the  steam  engines  used 
railways,  and  those  adapted  to  propel  carriages  on  turnpike 
roads,  is  in  the  structure  of  the  boiler.  In  the  latter  it  i» 
csseulial  that,  while  ttie  power  rcnmins  undiminished,  the 
boiler  should  be  lighter  and  smaller.  The  accomplishment 
of  this  has  been  att(?nii>ted  by  various  contrivances  for  m> 
distributing  the  water  as  to  expose  a  considerable  quontit; 
of  surface  in  contact  with  it  to  the  action  of  the  ftrr :  spread- 
ing it  in  thin  layers  on  flat  plates  ;  inserting  it  between  plat<* 
of  iron  placed  at  a  small  distance  asunder,  tlic  fire  being  ad- 
mittcd  between  the  intermediate  plates  ;  dividing  it  Intosoudl 
tubes,  round  which  the  fire  bus  play ;  introducing  it  betwera 
the  surfaces  of  cylinders  placed  one  within  another,  the  firr 
being  admitted  between  the  alternate  evlinders,  —  have  all 
been  resorted  to  by  different  projector*. 

(:201-.)  First  and  most  prr)iiiinent  in  the  history  nf  the  appIJ> 
cation  of  steam  to  the  propelling  of  carriages  un  turnpike  roads 
stands  the  name  of  Mr.  Ooldsworthy  (iumey,  a  medieal  g«n- 
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tienian,  and  scientific  chemist,  of  Cornwall.  In  ]822,  Mr. 
Gumt*y  succeeded  Dr.  Thompson  as  lecturer  on  chcniistrv  at 
the  Surruy  Institution  ;  and,  in  cansequencc  of  tlie  results  of 
some  experiments  on  heat,  his  attcntiun  was  directed  to  the 
project  of  working  steam-carriages  on  common  roads  ;  and  he 
subsequently  devoted  his  exertions  In  perfecting  a  steam- 
enpine  capable  of  attaining  the  end  hi-  had  in  view. 

The  mistake  wliicli  so  long  prevailed  in  tlie  application  of 
locomotiveis  on  railroads,  and  which,  as  we  have  shown, 
materially  retarded  the  progress  of  that  invention,  was  shared 
by  Mr.  Gurney.  Without  reducing  the  question  to  tlie  test 
of  experiment,  he  took  for  granted,  in  Uia  first  att<'inj)ts,  that 
the  adhesion  of  the  wheels  with  tlie  road  was  too  slight  to 
propel  the  carriage.  He  was  assured,  he  says,  by  eminent 
engineers,  that  this  was  a  point  settled  hy  actual  experiment. 
It  is  strange,  however,  that  a  person  of  his  quickness  and 
sagacity  did  nut  inquire  after  the  particulars  of  these  "  actual 
experiments."  So,  Itowever,  it  was;  and,  taking  for  granted 
tlie  inability  of  tlic  wliecls  to  propel,  he  wasted  much  labour 
and  skill  in  tlie  contrivance  of  levers  and  propellers,  which 
acted  on  the  ground  in  a  manner  somewhat  resembling  the 
feet  of  horses,  to  drive  Uie  carriage  forward.  After  various 
fniitless  attempts  of  this  kind,  the  experience  acquired  in 
the  tiials  to  which  they  gave  rise  at  last  forced  the  truth 
upon  his  notice,  and  he  found  that  the  adhesion  of  the  wheels 
was  not  only  sufKcient  to  propel  the  carriage  heavily  laden 
on  level  roads,  but  was  capable  of  causing  it  to  ascend  nil  tlie 
hills  which  occur  on  ordinary  turnpike-roads.  In  this  manner 
it  ascended  all  the  hills  between  London  and  Barnet,  London 
and  Stanmorc,  Slaiunore  Hill,  Brockley  Hill,  and  momitetl 
Old  Uigltgute  Hill,  tlie  last  at  one  point  rising  one  foot  in 
nine. 

The  boiler  of  Mr.  Gumcy's  engine  is  so  constructed, 
that  there  is  no  part  of  it  in  which  metal  exposed  to  the 
action  of  the  fire  is  out  of  contucL  with  water.  If  it  be  con- 
aidcred  how  rapidly  the  action  of  an  intense  furnace  destroys 
metal  when  water  is  not  present  to  prevent  the  he.nt  from 
accumulating,  the  advantage  of  this  circumstance  will  be 
appreciated,      In  the  boiler  of  Mr.  Guraey,  the  grate-bars 
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thenisclvea  are  tubes  filled  with  water,  and  fomi,  in  (met,  a 
part  ol*  the  boiler  itself.  This  boUt-r  cuiisists  of  three  Ktroag 
metal  cylinders  placed  in  a  horizontal  position  one  above  iJw 
other.  A  section,  niade  hy  a  perpendicular  or  vertical  plane. 
ia  represented  in^.  114.     The  ends  of  the  three  cjliudcn 


GUKNBY  S   STEAM    CARKIAGE. 


435 


ili^litiy  upwards,  for  a  reason  which  I  shall  presently  explain. 
From  the  nature  of  the  section,  only  one  of  these  tubes  is 
visible  in^.l  14.  at  c.  The  other  extremities  of  these  tubes 
at  A  are  connected  with  the  same  number  of  upright  tubes, 
one  of  which  is  shown  at  E.  The  upper  extremities  o  of  the^c 
upright  tubes  are  connected  with  another  set  of  tubes  k,  equal 
in  number,  proceeding  from  o,  inclining  slightly  upwards, 
and  terminating  in  the  second  cylinder  H. 

An  end  view  of  the  boiler  is  exhibited  in  fig.  1 16.,  where 

FiV.  Itfi. 
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the  three  cylinders  are  expressed  by  the  samo  letters.  Be- 
tween the  cylinders  d  and  h  there  are  two  tubes  of  commu- 
nication B,  and  two  similar  tubes  between  tlie  cylinders  h  and 
I.  From  the  nature  of  the  section  these  appear  only  a«  a 
single  tube  in  Jig.  1  l-t.  From  the  top  of  the  cylinder  i  pro- 
ceeds a  tube  N,  by  which  steam  is  conducted  to  the  en- 
gine. 

It  will  be  perceived  that  the  space  p  is  enclosed  on  every 
side  by  a  grating  of  tubes,  which  have  free  communication 
with  the  cylinders  d  and  ii,  which  cylinders  have  also  a  free 
communication  with  each  other  by  the  tubes  b.     It  follows. 
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tIierefor«,  that  If  water  lie  suppliiil  to  the  cylinder  I.  it  will 
descend  tiirough  the  tubes,  and  first  tilling  the  cylinder  D  and 
the  tubes  c,  will  gradually  rise  in  the  tubes  b  and  b,  will 
next  fill  the  tubes  k  and  the  cylinder  tl.  The  grating  of 
water-pipes  c  e  k  forms  the  furnace,  the  pipes  c  l»einf;  thr 
fire-bars,  and  the  pipes  e  and  k  being  tlie  bock  and  roof  of 
the  stove.  The  fire-door,  for  the  supply  of  fuel,  appean  at 
M,  fig.  UG.  Tlie  flue  issuing  between  llie  tubes  r  is  con- 
ducted over  the  cubes  k,  and  the  flame  and  hot  air  arr 
carried  off  through  a  chimney.  That  portion  of  the  hrat  of 
the  burning  fuel,  which  in  other  furnaces  destroys  tlic  bars 
of  the  grate,  is  here  expended  in  heating  t}ie  water  contained 
in  the  tubes  c.  The  radiant  heat  of  the  fire  acts  upon  the 
tubes  K,  forming  the  roof  of  the  funiace,  on  the  tube  E  al 
the  back  of  it,  and  partially  on  the  cylinders  d  and  H,  and 
the  tubes  b.  The  draft  of  hot  air  and  flame  passing  into 
the  flue  at  a  acts  upon  the  posterior  surfaces  of  the  tubes  K, 
and  the  upper  sides  of  tlie  tubes  k,  and  finally  passes  into  thr 
chimney. 

As  the  water  in  the  tubes  c  f.  k  is  healed,  il  beeumes  spe- 
cifically  lighter  than  water  of  a  less  temperature,  and  conse- 
quently acquires  a  tendency  to  ascend.  It  passes,  therefore, 
rapidly  into  u.  Meanwhile  the  colder  portions  descvnd,  and 
the  inclined  positions  of  the  tubes  c  and  k  give  play  to  this 
tendency  of  the  heated  water,  so  that  a  prodigiously  rapid 
circulation  is  produced,  when  tiie  fire  begins  to  act  upon  the 
tubes.  When  the  water  acquires  such  a  tempemtun  thai 
steam  is  rapidly  produced,  steam-bubbles  are 
formed  in  the  tubes  surrDuiiding  the  firc}  and  if 
mained  stationary  in  the  tubes,  tlie  action  of  the 
not  only  decuinpos^'  the  steam,  but  render  tJie  tubes  red  hoi, 
the  water  not  passing  througli  them  to  carry  oft  the  hrat. 
But  the  inclined  |K)sitiun  of  the  tubes,  already  noticed,  effe^ 
tually  prevents  tliis  injurious  consequence.  A  steam- babble, 
which  is  formed  either  in  the  tubes  c  or  K,  having  a  tendency 
to  ascend  proportional  to  Its  lightness  as  compared  with  water, 
necessarily  rushes  upwards ;  if  in  c  towards  a,  and  if  in  a  t<^ 
wards  ii.  Cut  this  motion  of  the  steam  is  also  aided  by  the 
rapid  circulation  of  the  water  which  is  continually  inainlained 
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in  the  tubes,  olhennse  it  inigVit  be  possible,  notwithstanding 
the  Ivvity  of  stvam  compaix-d  with  water,  llint  a  bubble  might 
remain  in  a  narrow  tube  without  rising.  To  brin^^  the  matter 
to  the  test  of  experiment,!  Iiavc  connected  two  cylinders,  such 
as  D  and  h,  by  a  system  of  glass  tubes,  such  as  represented  at 
c  EK.  The  riipid  and  constant  circulation  of  tliL*  water  was  then 
made  evident ;  bubbles  of  steam  were  formed  in  the  tubes, 
it  is  true ;  but  they  passed  with  great  rapidity  into  tlie  upper 
cylinder,  and  rose  to  thesiu^ace,  so  that  the  glass  tubes  nerer 
acquired  a  higher  temperatuire  than  that  of  the  water  whicli 
pused  through  them. 

Every  part  of  the  boiler  being  cyUndrical,  it  has  the  fonn 
which,  mechanically  considered,  is  most  favom'able  to  strength, 
and  which,  within  given  dimensions,  contains  the  greatest 
quantity  of  water.  It  is  also  free  from  the  defects  arising 
from  imeqnal  expansion,  which  are  found  to  be  most  iu- 
jurious  in  tubular  boilers.  Tlie  tubes  c  and  K  can  freely 
expand  in  the  direction  of  their  length,  without  being 
loosened  at  their  joints,  and  without  straining  any  port  of 
the  apparatus ;  the  tubes  E,  beiiig  short,  are  subject  to  a  very 
slight  degree  of  expansion ;  and  it  is  obvious  that  the  long 
tubes,  with  which  they  are  connected,  will  yield  to  this  with- 
out suffering  a  strain,  and  without  causing  any  part  of  the 
apparatus  to  be  loosened. 

When  water  is  converted  into  steam,  any  foreign  matter 
which  may  be  combined  with  it  is  disengaged,  and  is  de- 
posited on  the  bottom  of  the  vessel  in  which  the  water  is 
evaporated.  All  boilers,  therefore,  require  occasional  cleans- 
ing, to  prevent  the  crust  thus  formed  from  accumulating ;  and 
this  operation,  for  obvious  reasons,  is  attended  with  peculiar 
difficulty  in  tubular  boilers,  in  the  case  before  us,  the  crust 
of  deposited  matter  would  gather  and  thicken  in  the  tubes 
c  and  K,  and  if  not  removed,  would  at  length  choke  thera. 
But  besides  this,  it  would  be  attended  with  a  still  worse 
cQect;  for,  being  a  bad  conductor,  it  would  intercept  the 
heat  in  its  transit  from  the  fire  to  the  water,  and  would  cause 
tlie  metal  of  the  tube  to  become  unduly  heated.  Mr.  Gurney 
of  course  foresaw  this  iDconvcnieuee,  and  contrived  an  inge- 
nious chemical  method  of  removing  it,  by  occasionally  inject- 
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ing  through  the  tuh*^  such  an  acid  as  would  combine  witli 
the  deposit,  and  carr)-  it  away.  This  method  wan  effectual  t 
aud  altliough  its  practical  application  was  found  to  be  at- 
tended with  difficulty  in  the  hands  of  common  workiiMi^ 
Mr.  Gurucy  was  persuaded  to  adlicrc  to  it  by  tlie  Ute  Dr. 
WoUaston,  until  experience  proved  the  impossibilitr  of 
getting  it  eflectually  performed,  undei  the  circunwtaitcvs  in 
which  boilers  arc  commonly  used.  Mr.  Gumey  then  Bdc)>tcd 
a  method  of  removing  the  deposit  by  mechanical  meuu. 
Oppositc  the  mouths  of  tlie  tubes,  and  oo  the  other  aide  of 
the  cylinders  d  and  h,  are  placed  a  number  of  holes,  which, 
when  the  boiler  is  in  use,  arc  stopped  by  piecca  of  metal 
screwed  into  them.  When  the  tubes  require  to  be  doaned, 
these  stoppers  arc  remoTcd,  and  an  iron  scrapi-r  in  introducrd 
through  the  holes  into  the  tubes,  wliich,  being  passed  back- 
wards and  forwards,  removea  the  deposit. 

In  these  engines  the  draught  through  llic  furnace  wia 
produced  by  projecting  the  waste  steam  up  the  chimoeyi 
as  is  practised  in  railway  engines;  a  method  so  perfectly  cf- 
fectual,  that  it  is  unlikely  to  he  superseded  by  any  other. 
The  objection  which  has  been  urged  against  it  in  locomotiTv 
engines,  working  on  turnpike-roads,  ia,  that  the  noiso  which 
it  produces  has  a  tendency  to  fnghten  horaeo. 

fn  the  engines  on  the  Liverpool  road,  tlie  steam  is  al- 
lowed to  pass  directly  from  tlie  eduction  pipe  of  the  cylinder 
to  the  chimney,  and  it  there  escapes  in  pufis  corrcspondiiif[ 
with  the  alternate  motion  of  the  pistons,  and  produce*  a 
noise,  which,  although  attended  with  no  inconvenience  on  the 
railroad,  would  perhaps  be  objectionable  ou  tumpike.4TMub. 
In  the  engine  used  In  Mr.  Gurney's  steam^corriage,  the 
steam  which  passes  from  the  cylinders  is  conducted  to  a  re- 
ceptacle, which  he  calls  a  blowing  box.  This  box  senvM  the 
same  purpose  as  the  upper  chamber  of  a  smith's  bellows.  It 
receives  the  steam  from  the  cylinders  in  alternate  puffs,  but 
Iota  it  escape  into  tlie  chimney  in  a  continued  stream  by  t 
number  of  small  jets.  Regular  draught  is  by  thia  means 
produced,  and  no  noise  is  perceived.  Another  exit  for  the 
steam  is  also  pro\'ided,  by  which  the  conductor  is  enabled  to 
increase  or  diminish,  or   bo  suspend  altogether,   the  drought 
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in  the  chimney,  so  aa  to  adapt  tlie  intensity  of  the  Are  to  the 
exigencies  of  the  road.  This  ia  a  great  convcnieuce  in 
practice ;  because  on  some  roads  a  draught  is  scarcely  re- 
quired, while  on  others  a  powerful  blast  is  iudispeiisable. 

Connected  vrith  this  blowing  box  is  another  appnrntuB  of 
considerable  practical  importance.  The  pipe  through  which 
the  feeding  water  is  conducted  from  the  tank  is  carried 
through  this  blowing  box,  within  which  it  is  coiled  in  a 
spiral  form,  so  that  an  extensive  thread  of"  the  watt'T  is  ex- 
posed to  the  heat  of  the  waste  sleam  which  has  escaped  i'rom 
the  cylinders,  and  which  is  enclosed  in  this  blowing  box.  In 
passing  through  tliis  pipe  the  feeding  water  is  raised  from 
the  ordinary  temperature  of  about  (JO"  to  the  temperature  of 
2\it^.  fuel  is  thus  economised  and  weight  diminished;  but 
there  is  another  still  greater  advantage  attending  this  process. 
The  feeding  water  in  the  worm  just  mentioned,  wlule  it  takes 
up  the  heat  from  the  surrounding  steam  in  the  blowing  box, 
coudenses  a  part  of  tlie  waste  steam,  which  is  thence  con- 
ducted to  the  tank,  from  which  the  feeding  water  is  pumped. 

When  steam  is  generated  so  rapidly  as  is  necessarily  the 
case  in  locomotive  boilers,  it  rises  with  great  Wolence  in  nu- 
merous bubbles  from  the  bottom  of  llie  boiler  to  the  surface 
of  the  water,  mid  puts  the  liquid  into  a  state  of  foaming  tur- 
bulence not  uulike  the  sea  in  a  storm.  As  the  steam  rushes 
from  the  surface  into  the  upper  part  of  the  boiler,  under  these 
circumstauecs,  it  carries  with  it  a  spray  by  which  water  is 
scattered  in  minute  subdivision  among  the  steam,  and  floats 
there  Like  the  spray  which  rises  from  the  base  of  a  cascade. 
If  the  steam  be  conducted  immediately  to  the  cylinder  from 
the  boiler  in  this  state,  it  will  carry  with  it  the  water  which 
is  thus  suspended  in  it,  which  will  pass  through  the  cylinder, 
and  finally  be  driven  into  tlie  atmosphere  upon  the  returning 
stroke  of  the  piston.  The  hot  water  thus  carried  off  pos- 
scsjtex  none  of  the  mechanical  properties  of  steam,  and  is 
wholly  inefficient  as  a  moving  power,  and  is  therefore  an  ex- 
tensive source  of  the  waste  of  heat.  In  every  boiler,  some 
means  should  be  provided  for  the  separation  of  the  water  thus 
suspended  in  the  steam,  before  tlie  steam  is  conducted  to 
the  cylinder.     In  ordinal^  boilers,   the  large   space  which 
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rcmainit  above  the  surface  ol'  the  water  seires  this  purpoir. 
Tlie  stcain  being  there  itubject  to  no  agitation  ur  disturhiinre, 
the  water  ineclianically  suapt'iidcd  in  it  dfaccnd*  by  ita  own 
gravity,  ancL  U-avcs  pure  ttteain  in  the  upper  part.  In  the 
small  tubular  boikrs,  thiH  hax  been  a  matter,  howrrer,  of 
greater  dilEculty.  The  contracted  space  in  which  the  ebul- 
Utiou  takes  place  causes  the  water  to  be  mixed  with  the  stcaa 
in  a  greater  quantity  than  could  happen  in  common  boi 
and  the  want  of  tlie  same  steam-room  renders  the  se 
of  the  water  from  the  steam  a  matter  of  some  difficulij. 
These  inconveniences  have  been  attempted  to  be  overcaac 
by  various  contrivances.  1  have  already  dencribed  the  npU 
and  regular  circulation  effected  by  the  arrangement  of  the 
tubes.  By  this  a  regularity  in  the  currents  is  e«tabliiM| 
which  has  a  tendency  to  diminish  the  mixture  of  wntrr  witk 
the  steam.  In  addition  to  this,  a  method  of  sepMrndoo  ii 
provided  in  the  vessel  i,  which  is  a  strong  iron  cylinder  tt 
some  magnitude,  placed  out  of  the  immediate  iuducnoe  of 
the  fire.  A  partial  separation  of  the  steam  from  the  wvter 
takes  place  in  the  cylinder  ii ;  and  the  steam  with  the  witrr 
mechanically  suspended  in  it,  technically  called  moist  straoi* 
rises  into  the  teparator  i.  Here,  being  free  from  all  agitattaa 
and  currents,  and  being,  in  fact,  quiescent,  the  parlicle«  of 
water  fall  to  the  bottom,  while  the  pure  steam  remains  at  ihm 
top.  This  separator,  therefore,  serves  all  the  purpoM*  of 
the  steam-room  above  the  surface  of  the  water  in  the  Ui^ 
plate  boilers.  The  dry  Hteain  is  thus  collected  and  roufj  (^ 
the  supply  of  the  engine  through  the  tube  s,  while  the  water. 
which  is  disengaged  from  it,  is  collected  at  the  bottom  of  tlv 
separator,  and  is  conducted  through  the  tube  t  to  the  lowefl 
vessel  D,  to  be  again  circulated  tlu-uugh  the  boiler. 

The  pistons  of  the  engine  work  on  the  axles  of  the  hind 
wheels  of  tlie  carriage  which  bears  tlie  engine,  by  ermnka,  at 
in  the  locomotives  on  the  Manchester  railway,  so  that  tbr 
axle  is  kept  in  a  constant  state  of  rotation  while  the  cn|^ 
is  at  work.  The  wheels  placed  on  tliis  axle  arc  mil  pi  iwa 
nently  fixed  or  keyed  upon  it,  as  in  the  ManchesUT  Ioc«> 
motives  ;  but  they  are  capable  of  turning  upon  it  in  the 
manner  ns  ordinary   carnage   wheels.     Immediatrlv   withia 
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these  wheels  there  ore  fixed  upon  the  axles  two  projecting 
spokes  or  levers,  which  revolve  with  the  axle,  and  which 
take  the  position  of  two  opposite  spokes  of  the  wheel.  These 
may  be  occasionally  attached  to  the  wheel  or  detached  from 
it ;  so  that  they  are  capable  of  compelling  the  wheels  to 
turn  with  the  axle,  or  leaving  the  axle  free  to  turn  indepen- 
dently of  the  wheel,  or  the  wheel  tndepcndi-nt  of  the  axle,  at 
the  pleasure  of  the  conductor.  It  is  by  these  levers  that  the 
engine  is  made  to  propel  either  or  botli  of  the  wheels.  If 
both  pairs  of  spokes  are  thrown  into  coimexion  with  the 
wheels,  the  crank  shaft  or  axle  will  cause  both  wheels  to  turn 
with  it,  and  in  that  case  the  operation  of  the  carriage  is  pre- 
cisely the  same  as  those  of  the  locomotives  already  described 
upon  the  Liverpool  and  Manchester  line ,-  but  this  is  rarely 
found  to  be  necessan,',  since  the  adhesion  of  one  wheel  with 
the  road  is  generally  sufficient  to  propel  the  carriage,  and 
consequently  only  one  pair  of  these  fixed  levers  are  used,, 
and  tlie  carriage  propelled  by  only  one  of  the  two  hind 
wheels.  The  fore  wheels  of  the  carriage  turn  upon  a  pivot 
similar  to  those  of  a  four-wheeled  coach.  The  position  of 
these  wheels  is  changed  at  pleasure  by  a  pinion  and  circular 
rack,  whicli  is  moved  by  the  conductor,  and  in  this  manner 
the  carriage  is  guided  with  precision  and  facility. 

The  force  of  traction  necessary  to  propel  a  carriage  upon 
common  roads  must  vary  with  the  variable  quality  of  the 
ruad,  and  consequently  the  propelling  power,  or  the  pressure 
upon  the  pistons  of  the  engine,  must  be  susceptible  of  a  cor- 
responding variation  ;  but  a  still  greater  variation  becomes 
necessary  from  the  undulations  and  hills  which  are  upon  all 
ordinary  roads.  This  necessary  change  in  the  intensity  of 
the  impelling  power  is  obtained  by  restraining  the  steam  in 
the  boiler  by  the  throttle- valve,  as  already  described  in  the 
locomotive  engines  on  the  raih-oad.  This  principle,  how- 
ever, is  carried  much  further  in  the  present  c^ise.  The  steam 
in  the  boiler  may  be  at  a  pressure  of  from  lUO  to  iiOO  lbs.  on 
the  square  inch  ;  while  the  steam  on  the  working  piston  may 
not  exceed  30  or  40  lbs.  on  the  inch.  Thus  nn  immense  in- 
crease of  power  is  always  at  the  commanil  of  the  conductor  ; 
so  that  when  a  hill  is  encountered,  or  a  rough  piece  of  road, 
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he  is  enabled  to  lay  on  power  sufficient  to  meet  the  exigrorr 
of  t)i(!  (K:ca.si(iu. 

The  two  ditBcuIties  which  hare  been  always  apprehended 
in  tlie  practical  working  of  steam-carriages  upon  comtood 
roads  are,  first,  the  command  of  sufficient  power  for  hill*  and 
rou^h  pieces  uf  ruad ;  and,  hc condly,  the  apprehended  innif- 
ficicucy  of  the  adhesion  of  the  wheels  with  the  rood  to  pmpel 
the  carriage.  The  former  of  these  difficultiea  has  been  mel 
by  allowing  steam  of  very  great  pressure  to  be  coustautly 
maintained  in  the  boiler  with  perfect  safety.  Aa  to  the 
second,  all  experiments  tend  to  show  that  there  is  no  gnmnd 
for  the  supposition  that  the  adhesion  of  tlie  wheels  is  in  any 
case  insufficient  for  the  purposes  of  propulsion.  Mr.  Gumej 
states,  that  he  has  succeeded  in  drinng  carriages  thus  pn>. 
pelled,  up  considerable  hills  on  the  tiuiipike  roods  abonl 
London.  He  made  a  journey  to  Bamct  with  only  one  wbed 
attached  to  the  axle,  which  was  found  sufficient  to  propel  the 
carriage  up  all  hills  upon  that  road.  The  same  carriage,  witJi 
only  unc  propelling  wheel,  also  went  to  Balli,  and  surmounted 
all  the  hills  between  Cranford  Bridge  and  Bath,  going  sad 
returning. 

A  double  stroke  of  the  piston  produces  one  revolution  o( 
the  propelling  wheels,  and  causes  tlie  carriage  to  uiove  throngli 
a  space  equal  to  the  circumference  of  those  wheels.  It  will 
therefore  be  ohrious,  that  the  greater  the  diameter  of  tbr 
wheels,  the  better  adapted  the  carriage  is  for  speed ;  and,  na 
the  other  hand,  wheels  of  smaller  diameter  are  better  adapMd 
for  power.  In  fact,  tlie  propelling  power  of  an  engine  aa 
the  wheels  will  be  in  the  inverse  proportion  of  their  diameter. 
In  carriages  designed  (o  carry  great  weights  nt  a  model 
speed,  smaller  wheels  will  be  used;  while  in  those  iutmi 
for  the  transport  of  passengers  at  considerable  veloeititi^ 
wheels  of  at  least  .'V  feet  diameter  are  most  advanla^ouk. 

(205.)  Among  the  numerous  popular  prejudices  (o  whirli 
this  new  invention  has  given  rise,  one  of  the  most  miachieToi» 
in  its  effects  and  most  glaring  in  its  falsehood,  is  the  notion 
that  carriages  thus  propelled  arc  more  injurious  to  roads  than 
carriages  drawn  by  horses.  This  error  has  been  luccaofally 
exposed  ill  the  evidence  taken  before  the  committee  nf  tK* 
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House  of  Commons  upon  steam  carriages.  Itis  there  demon- 
straU'd,  not  only  that  carriages  thus  propcllrd  do  not  wear  a 
turnpike  road  more  rapidly  than  those  drawu  by  bursts,  but 
that,  on  the  otlier  hand,  the  wtar  by  the  feet  of  horses  is  far 
more  rapid  and  destructive  than  any  which  could  be  produced 
by  the  wheels  of  carriages.  Steam  carriagcn  admit  of  having 
the  tires  of  the  wheels  broad,  so  as  to  act  upon  tlic  road  more 
in  the  manner  of  rollers,  and  thereby  to  give  consistency  and 
lirmneas  to  the  material  of  which  the  road  is  composed.  The 
drinng  wheels  being  proved  not  to  slip  upon  the  ruad,  do  not 
produce  any  cffcets  more  injurious  than  the  oiilinary  rolling 
wheels  ;  consequently  the  wear  occasioned  by  a  sleani  carriage 
upon  a  road,  is  not  more  than  that  produced  by  a  carriage 
drawn»  by  horses,  of  an  equivalent  weight  and  the  same  or 
equal  tires ;  but  the  wear  produced  by  the  pounding  and 
digging  of  horses'  feet  in  draught  is  many  times  greater  than 
that  produced  by  the  wear  of  any  carriage.  Those  who  still 
have  doubts  upon  this  subject,  if  there  be  any  such  persons, 
will  be  fully  satisfied  by  referring  to  the  evidence  which  ac- 
companies the  report  of  the  committee  of  the  House  of 
Commons,  printed  in  October.  \S',i\. 

TTie  weight  of  machinery  necessarj'  for  steam  carriages  is 
sometimes  urged  as  an  objection  to  tlieir  practical  utility. 
Mr.  Gumey  states,  that,  by  successive  improvements  in  the 
details  of  the  machinery,  the  weight  of  his  ciirriages,  without 
losing  any  of  the  propelling  power,  may  he  reduced  to  35  cwt,, 
exclusive  of  the  load,  and  fuel  and  water :  but  thinks  that  it 
it  possible  to  reduce  the  weight  still  further. 

A  steam  carriage  constructed  by  Mr.  Gumey,  weighing 
35  cwt.,  working  for  8  liours.  is  found,  according  to  his  state- 
ment, to  do  the  work  of  about  30  liorscs.  He  calculates  thai 
the  weight  of  his  propelling  carriage,  which  would  be  capable 
of  drawing  18  persons,  would  be  equal  to  the  weight  of  4 
horses ;  and  the  carriage  in  which  these  persons  would  be 
drawn  would  have  the  same  weight  as  a  common  stage 
coach  capable  of  earning  the  panie  number  of  persons.  Thus 
the  weight  of  the  whole — the  propelling  carriage  and  the 
caxriagc  for  passengers  taken  together  —  would  be  the  same 
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with  the  weight  of  a  common  stage  coach,  with  4  hones 
elusive. 

There  are  two  mcthotU  of  applying  locomolirn  apoo 
common  roads  to  the  transport  of  panengors  c)r  goocU  ;  the 
one  is  Ly  causing  the  locomotive  to  cany,  oiid  the  other  to 
draw  the  load ;  and  difTcrent  projectors  have  adopted  th«  aw 
and  the  other  method.  Each  is  attended  with  its  advanlagt* 
and  disadvantages.  If  the  same  carriage  transport  the  engine 
and  the  load,  the  weight  of  the  whole  will  be  lesa  in  propor- 
tion to  the  load  carried  ;  also  a  greater  preastire  may  be  pro- 
duced on  the  wheels  by  which  the  load  is  prop«Ued.  It  is 
also  thought  that  a  greater  facility  in  turning  and  guiding 
(he  vehicle,  greater  safety  in  descending  the  hills,  and  a  saving 
in  the  original  cost,  will  \}C  obtained.  On  the  other  hand, 
when  the  passengers  are  placed  in  the  same  carriage  with  the 
engine,  they  are  necessarily  more  exposed  to  the  noise  of 
machinery  and  to  the  heat  of  the  boiler  and  fumurc.  The 
danger  of  explosion  is  so  slight,  that,  perhaps,  it  scarcely 
deserves  to  be  mentioned  ;  but  still  the  apprtheruion  of  dta>grt 
on  the  part  of  the  passengers,  even  though  groundless,  dMniU 
not  be  disregarded.  This  apprehcnsiun  will  be  obviously  n- 
moved  or  diminished  by  transferring  the  passengers  into  s 
carriage  Mrparute  from  the  engine  ;  but  the  greateit  advaolige 
uf  keeping  the  engine  SL'juirate  from  tlie  passengers  it  the 
facility  which  it  affords  of  changing  one  engine  for  another  in 
rase  of  accident  or  derangement  on  the  road,  in  the  sane 
manner  as  horses  are  changed  at  the  different  stages :  or,  iT 
such  an  accident  occur  in  a  place  where  a  new  engine  cannot 
he  procured,  tlie  load  of  passengers  may  be  carried  forward 
by  horses,  until  it  is  brought  to  some  station  where  a  loco- 
motive may  be  obtained.  There  is  also  an  advantage  uisix^ 
from  the  circumstance,  that  when  the  engines  are  uadff 
repair,  or  in  process  of  cleaning,  the  carriages  for  paaacoftis 
are  nut  necessarily  idle.  Thus  the  same  number  of  carri^^cs 
for  passengers  will  not  be  retpiired  when  the  engine  is  asid 
to  draw  as  when  it  is  us4.>d  to  carry. 

In  case  of  a  \*ery  powerful  engine  being  used  to  carry  gnat 
loads,  it  would  be  quite  impracticable   to  place   tiir  ta^pm 
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and  loads  on  four  wheels,  the  pressure  bciug  such  as  no  turn- 
pike road  could  bear.  In  this  case  it  would  hc^  indispensably 
necessary  to  place  a  part  of  the  load  at  least  upon  separate 
carriages  to  be  drawn  hy  the  engine. 

In  the  comparison  of  carriages  propelled  by  steam  with 
carriages  drawn  by  horses,  there  is  no  respect  in  which  the 
advantage  of  the  former  is  so  apparent  as  the  safety  afforded 
to  the  passenger.  Steam  power  is  under  the  most  perfect 
control,  and  a  carriage  thus  propelled  is  capable  of  being 
guided  w^ith  the  most  admirable  precision.  It  is  also  capable 
of  being  stopped  almost  suddenly,  whatever  be  its  speed :  it 
is  capable  of  being  turned  within  a  space  considerably  less 
than  that  which  would  be  necessary  for  four-horse  coaches. 
In  turning  sharp  comers,  there  is  no  danger,  with  the  most 
ordinary  care  on  the  part  of  the  conductor.  On  the  other 
hand,  horse  power,  as  is  well  known,  is  under  very  imper- 
fect control,  especially  when  horses  are  used  adapted  to  that 
speed  which  at  present  is  generally  considered  necessary  for 
the  purposes  of  travelling,  "  The  danger  of  being  run  awny 
with  and  overturned,"  says  Mr.  Farey,  in  his  evidence  before 
the  House  of  Commons,  "  is  greatly  diminislicd  in  a  steam 
coach.  It  is  very  difficult  to  control  four  such  horses  as  can 
draw  a  heavy  stage  coach  ten  miles  an  hour,  in  case  they  are 
frightened  or  choose  to  run  awn,y  ;  and,  for  such  quick  tra- 
velling, they  must  be  kept  in  that  slate  of  courage  that  Uicy 
are  always  inclined  to- run  away,  particularly  down  hitl,  and 
at  sharp  turns  in  the  road.  Steam  power  has  very  little  cor- 
responding danger,  being  perfectly  controllable,  and  capable 
of  having  its  power  reversed,  to  retard  in  going  down  hill. 
It  must  be  carelessness  that  would  occasion  the  overturning 
of  a  steam  carriage.  The  chutice  of  breaking  down  has  been 
hitherto  considerable,  but  it  will  not  be  more  than  in  stage 
coaches  when  tlie  work  is  truly  proportioned  and  properly 
executed.  The  risk  from  explosion  of  the  boiler  is  the  only 
new  cause  of  danger,  and  that  I  consider  not  eqtiivalent  to 
the  danger  from  horses." 

That  the  risk  of  accident  from  explosion  is  extremely  slight, 
may  be  proved  by  the  fact  that  the  railway  between  Liverpool 
and  Manchester  has  now  been  in  o^>eration  fur  about  tea 
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yeara,  and  that  other  railways  more  extensive  in  Irngth  hairr 
hucii  worked  fur  u  considerable  time,  and  that  no  inatjuicv  ha* 
ever  yet  occurred  of  an  accident  to  passengers  from  thr  trx- 
plosion  of  a  boiler.  Generally  these  machinon,  when  they 
&il,  are  attended  with  no  otlier  eflecl  than  the  extinctioa  of 
the  fire,  by  the  water  of  the  boiler  flow^ing  in  upon  it.  I  tarn 
not  aware  of  more  than  one  instance,  in  which  a  serious  »«»• 
dout  baa  been  produced  by  explosion;  and  in  that  instance, 
llie  sufferers  were  only  the  engineer  and  stoker.     In  ihe^ 


steam-engine  of  Mr.  Gumey,  the  carriage  is  drawn  after  the 
engine,  as  represented  in^p.  1 17. 

(t2(Ki.)  In  the  boiler  to  lie  used  in  the  Rteam  carriage  pm* 
FSff.  lis. 
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thin  plate«  of  metal,  like  a  galvamc  bBtlerv^  the  water  being 
allowed  to  flow  between  every  alternate  pair  of  plates,  at  fi, 
fig,  118.,  and  the  intermediate  spaces  n  fonning  the  flue 
through  which  the  flame  and  hot  air  are  propelled. 

In  fact,  a  number  of  thiu  plates  of  water  are  exposed  on 
both  aides  to  the  most  intense  action  of  flame  and  heated  air; 
■o  that  steam  uf  a  high  pressure  is  produced  in  great  abun- 
dance and  with  considerable  rapidity.  The  plates  forming 
the  boiler  are  bolted  together  by  strong  iron  ties,  extending 
across  the  boiler,  at  right  angles  to  the  platetf,  as  represented 
in  the  figure.  The  distance  between  the  plates  is  two 
inches. 

TTiere  are  ten  fliat  chambers  of  this  kind  for  water,  and 
intermediately  between  them  ten  flues.  Under  tlic  flues  is 
the  fire-place,  or  grate,  containing  six  square  feet  of  fuel  in 
vivid  combustion.  The  chambers  are  all  filk'd  to  about  iwu 
thirds  of  their  depth  with  water,  and  the  other  third  is  loft 
for  steam.  The  water  chunibers,  throughout  the  whoh- 
series,  communicate  with  each  other  both  at  top  and  bottom, 
and  are  held  together  by  two  lai-ge  bolts.  By  releasing  these 
bolts,  at  any  time,  the  chambers  fall  asunder;  and  by  screw- 
ing them  up  they  may  be  all  made  tight  again.  Ti]e  water 
is  supplied  to  the  boiler  by  a  forcing-pump,  and  the  steam 
issues  from  the  centre  of  one  of  the  flues  at  the  top. 

These  boilers  are  constructed  to  bear  a  pressure  of  100  or 
500  lbs.  on  the  square  uich ;  but  the  average  pressure  of  the 
steam  on  the  safety  valve  is  from  60  to  100.  Thi-re  are  100 
square  feet  of  surface  in  contact  with  the  water  exposed  to 
the  Are.  The  stages  vvliich  such  an  engine  performs  are 
eight  miles,  at  the  end  of  which  a  fresh  supply  of  fuel  and 
water  are  taken  in.  It  requires  about  two  bushels  of  coke 
for  eaeb  stage. 

The  steam  carriage  of  Mr.  Hancock  diflVrs  from  that  of 
Mr.  Grumey  in  this — ^ihat  in  the  former  the  )>assengers  and 
engine  are  all  placed  on  the  same  carriage.  The  boiler  is 
placed  behind  the  carriage ;  and  there  is  an  engine-house  be- 
tween the  boiler  and  the  passengers,  the  latter  being  placed 
in  the  fore  jMirt  of  the  vehicle;  so  that  all  tlie  machinery  is 
behind  them.     The  carriages  are  adapted  to  carry  14  paa- 

F  F   .'5 


THE    STEAM    ENGINE. 

sengers,  and  weigb,  excluave  of  Uieir  load,  about  3j  tool, 
the  tires  of  the  wheels  being  about  A^  inches  in  breadtfa. 
Mr.  Hancock  states,  that  the  construction  of  his  boiler  is  of 
such  a  nature,  that,  even  in  tlie  case  of  bursting,  no  danger 
is  to  be  apprehended,  nor  any  other  inconvenience  than  tbfl 
stoppage  of  Uie  carriage.  Ue  states  tliat,  while  trmTcUing 
Rl>out  nine  miles  an  hour,  and  working  with  a  premue  of 
about  100  lbs.  on  the  square  iuch,  loaded  with  thirteen  p*^ 
scngers,  the  carriage  was  suddenly  stopped.  Al  firtt  th^^^ 
cause  of  the  accident  was  not  apparent;  but,  on  opening  o^^H 
of  tho  cocks  of  the  boiler,  ii  was  found  tliat  it  containe^^ 
neither  steam  nor  water.  Further  examination  prorcd  that 
the  boiler  had  burst.  On  unscrewing  the  bolts,  it  was  found 
that  there  were  several  large  holes  iu  the  plates  of  the  water- 
chamber,  through  which  the  water  had  flowed  on  the  fire,  but 
neither  noise  nor  explosion,  nor  any  dangerous  conaequencn, 
ensued. 

(^7.)  Mr.  Nathaniel  Ogle  of  Southampton  obtained  a  pa- 
tent for  a  locomotive  carriage,  and  worked  it  for  some  diM 
experimentally;  but  as  his  operations  do  not  appear  to  haw 
been  continued,  I  suppose  he  was  unsuccessful  in  fulfilling 
tliose  conditions,  without  which  tlie  macliiiic  could  not  he 
worked  with  economy  and  profit.  In  his  endctice  before  a 
committee  of  the  House  of  Commons,  he  has  thus  described 
liis  contrivance ;  — 

*'  Tho  base  of  tlic  boiler  and  the  summit  are  composed  of 
cross  pieces,  cylindrical  willtin  and  square  without ;  there  are 
holes  bored  through  these  cross  pieces,  and  inserted  throogh 
the  whole  is  au  air  tube.  The  iimor  hole  of  the  lower  suriur, 
and  the  imder  hole  of  the  upper  surface,  are  rather  larger  than 
the  other  ones.  Hound  the  air  tube  is  placed  a  small  c^li^ 
der,  the  collar  of  which  fits  round  the  lajgcr  aperture  on  the 
inner  surface  of  the  lower  frame,  and  tlie  under  surfiue 
the  upper  frauie-wurk.  These  are  both  drawn  togvther 
screws  from  the  top ;  these  cross  pieces  are  united  by  con- 
necting pieces,  tlie  whole  strongly  bolted  together  ;  so  that 
we  obtain,  in  one  tenth  of  the  space,  and  with  one  tenth  of 
tho  weight,  the  same  heating  surface  and  power  aa  is  now 
obtained  in  other  and  low-pressure  boilers,  with  incalculablj 
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greater  safety.  Our  present  experimental  boiler  contains 
250  superficial  feet  of  heaciiig  surface  in  the  space  of  S  feet 
8  inches  high,  3  feet  long,  and  2  feet  4  inches  broad,  and 
weighs  about  8  cwt.  We  supply  the  two  cylinders  with 
steam,  communicating  by  their  pistons  with  a  crank  axle,  to 
the  ends  of  which  either  one  or  both  wheels  arc  allixed  as 
may  be  required.  One  wheel  is  found  to  be  sufficient, 
except  under  very  difficult  circumstances,  and  when  the 
elevation  is  about  one  foot  in  six  to  impel  the  vehicle  for- 
ward. 

"  The  cylinders  of  which  the  boiler  is  composed  are  so 
small  as  to  bear  a  greater  pressure  than  could  be  produced 
by  tlie  quantity  of  fire  beneatli  the  boiler  ;  and  if  any  one  of 
these  cylinders  should  be  injured  by  violence,  or  any  other 
way,  it  would  become  merely  a  safety  valve  to  the  rest.  We 
ne%'er,  witli  the  greatest  pressure,  burst,  rent,  or  injured  our 
boiler;  and  it  has  not  once  required  cleaiung,  after  having 
been  Jn  use  twelve  months." 

Dr.  Church  of  Binningham  has  obtained  a  succession  of 
patents  for  contrivances  connected  with  a.  locomotive  engine 
for  stone  roads ;  and  a  company,  consisting  of  a  considerable 
number  of  individuals,  possessing  sulEcienl  capital,  has  been 
formed  in  Birmingham,  for  carrying  into  effect  his  designs, 
and  working  carriages  on  his  principle.  The  present  boiler 
of  Dr.  Church  is  formed  of  copper.  The  water  is  contained 
between  two  sheets  of  copper,  united  together  by  copper 
nails,  in  a  manner  resembling  the  way  in  which  the  cloth 
forming  the  top  of  a  mattress  or  cusliion  is  united  with  the 
cloth  which  forms  the  bottom  of  it,  except  that  tlie  nails  or 
pins,  which  bind  the  sheets  of  copper,  are  much  closer  to- 
gether. The  water,  in  fact,  seems  to  be  "  quiitt^d"  or 
"padded"  in  between  two  sliects  of  tliin  copper.  This 
double  sheet  of  copper  is  fonned  into  an  oblong  rectangular 
box,  the  interior  of  which  is  the  lire-place  and  ash-pit,  and 
over  the  end  of  which  is  the  steam-chest.  The  great  extent 
of  surface  exposed  to  the  immediate  action  of  the  fire  causes 
steam  to  be  produced  with  great  rapidity. 

Various  other  projects  for  the  application  of  steam  engines 
on  common  roads  were  in  a  state  of  progressive  improvement, 
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when  the  greater  advantages  nltending  railwsys  wctv  conn- 
(leretl  so  manifest,  that  con8iderublc>  doubts  wrrc  rmtscd, 
whether,  supposing  the  problem  of  Uic  applicatiun  at  the 
steam  engine  on  common  roads  to  he  successfulljr  solredt  il 
could  ever  be  attended  with  the  same  economy  and  effect,  u 
by  the  adoption  of  a  railway.  Among  the  projcrt*  which 
promised  a  successful  Issue,  may  he  mentioned  tiiu  locamotivr 
engines  contrived  by  Mrt»rs.  Maudslay  and  Field,  by  Colonel 
Maeeruni,  and  by  Mr.  Seotl  Kuasell.  T)ie»u  and  otlic 
have,  however,  been  aban<loned,  mainly,  we  believe,  from  ihtfj 
impression,  that  wherever  tratlic  can  exist,  suflicirntJy  ex* 
tensive  to  render  the  appbcatinn  of  steam  power  pro6t«bU>,  a 
railway  must  always  supersede  a  common  road;  and  thai 
even  in  the  limited  trolHc  to  be  expected  on  bnacltM  to 
great  railways,  horse  power  applied  to  raUwBys  would 
attended  with  more  economy  than  steam  power  applied  oa 
stone  roads. 
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(208.)  Amono  the  many  ways  in  which  the  stcam-enpne 
has  mini«tert'tl  to  the  advancement  of  civilisation  and  ihu 
social  proffTPM  of  the  human  race,  there  is  none  more  im- 
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portant  or  more  interesting  than  its  appUcatioD  to  luTigkbcM. 
Before  it  lent  its  pant  powers  to  the  propulsion  of  ihip*, 
locomotion  over  the  waters  of  the  deep  was  attended  with  to 
much  danger  and  uncertainty  that,  ajt  a  common  pruverb,  it 
became  the  type  and  the  representative  of  evcrj-  thing  which 
was  precarious  ajitl  perilous.  The  appHcatioDf  however,  of 
steam  to  navigalioa  has  rescued  the  mariner  and  the  rgyagcr 
from  many  of  the  dangers  of  wind  and  water;  and  even  in 
its  present  state,  putting  out  of  view  its  probable  improvr- 
mcnt,  it  has  rendered  all  voyages  of  moderate  length  as  mie, 
and  very  nearly  as  regular,  as  journeys  over-land.  As  a  netnt 
of  transport  by  sea,  the  application  of  this  power  may  W 
considered  as  established;  and  it  is  now  receiving  improve- 
ments by  which  its  extension  to  tlie  longest  class  of  ocou 
voyages  is  a  question  not  of  practicability^  but  merelj'  of  profiL 
The  maimer  in  which  the  ateam-«nginc  is  rendered  aa 
instrument  for  the  propulsion  of  vessels  must  in  its  grneral 
features  be  so  familiar  to  ever)*  one  as  to  require  but  aimrt 
explanation.  A  shaft  is  carried  across  the  vessel,  being  con- 
tinued on  either  side  beyond  the  timbers :  to  the  extranitica 
of  this  shaft,  on  the  outside  of  the  vessel,  are  fixed  a  pair 
of  wheels  constructed  like  understiot  water-wheels,  haril^ 
attached  to  their  rims  a  number  of  flat  boards  called  pmddle- 
boards.  As  the  wheeb  revolve,  these  ^wddle-boards  strike 
the  water,  driving  it  in  a  direction  contrary  to  that  in  which 
it  is  intended  the  vessel  should  be  propelled.  The  mcmng 
forco  imparted  to  the  water  thus  driven  backwards  is  neees- 
sarily  accompanied  by  a  re-action  upon  the  vessel  through  the 
medium  of  the  paddle-shaft,  by  which  the  vessel  i»  propelled 
forwards.  On  the  paddle-shaft  two  cranks  arc  constmcted,^^ 
similar  to  the  cranks  already  described  on  the  axle  of  thv^H 
driving  wheels  nf  a  locomotive  engine.  Thew  cranks  are 
placed  at  right  angles  to  each  other,  so  that  when  either  is 
in  its  highest  or  lowest  position  the  otlicr  shall  bo  bori- 
xontal.  They  are  driven  by  two  steam-engine*,  which  are 
placed  in  the  hull  of  tlie  vessel  below  tlie  paddle-shaft.  In 
the  earlier  steam-boats  a  single  steam-engine  was  used,  and 
in  that  case  the  unequal  action  of  Uie  engine  on  the  crank 
was  e<juali8ed  by  a  lly-wheel.     Tliis,  however,  has  been  ktog 


since  abandoned  in  European  reaaels,  and  the  use  of  two 
ea  is  now  almost  unirmaL  B5  the  relatiTe  pooitioii  tif 
the  cranks  it  will  be  seen,  that  when  either  crank  is  at  its 
dead  points,  the  other  will  be  in  the  positions  most  favour^ 
able  to  its  action,  and  id  all  intermediate  positicHts  the  relatiTe 
efficiency  of  the  cranks  wiU  be  sock  aa  to  render  tbeir  com- 
bined action  very  nearlj  nnifomu 

The  steam-engines  used  to  impel  Teasels  may  be  either 
^Mttidensing  engines,  vimilar  to  thoae  of  Watt,  and  such  as 
used  in  manufactures  generaUj,  or  they  may  bo  non- 
condensing  and  high-pressure  engines,  similar  in  principle  to 
those  used  on  railways-  Low-pressure  condensing  engines 
are,  however,  universally  used  for  marine  purposes  in  Europe 
and  to  some  extent  in  the  United  States.  In  the  latter 
country,  however,  high-pressure  engines  are  also  in  pretty 
general  use,  on  rivers  where  lightness  is  a  matter  of  impor- 
tance. 

The  arrangement  of  the  parts  of  a  marine  engine  differs  in 
some  respects  from  that  of  a  land  engine.  The  limitation  of 
space,  which  is  imavoidable  in  a  vessel,  renders  greater  com- 
pactness necessary.  The  paddle-shaft  on  which  the  cranks 
to  be  driven  by  the  engine  are  constructed  being  very  little 
below  the  deck  of  the  vessel,  the  beam  and  connecting  rod 
could  not  be  placed  in  the  position  in  which  they  usually  are 
in  land  engines,  without  carrying  the  machinery  to  a  con- 
uderable  elevation  above  the  deck.  This  is  done  in  the 
steam-boat  engines  used  on  the  American  rivers ;  but  it 
would  be  inadmissible  in  steam-boat^  in  general,  and  mora 
especially  in  sea-going  steamers.  The  connecting  rods,  there- 
fore, instead  of  being  presented  downwards  towards  tlie 
cranks  which  they  drive,  must,  in  steam-vessels,  be  presented 
upwards,  and  the  impelling  force  received  from  below.  If, 
under  these  circumstances,  the  beam  were  in  the  usual  posi- 
tion above  the  cylinder  and  piston-rod,  it  must  noccasarily 
be  placed  between  the  engine  and  the  paddle-shaft.  This 
would  require  a  depth  for  tlie  machinery  which  would  be 
incompatible  with  the  magnitude  of  the  vessel.  The  beam, 
therefore,  of  marine  engines,  instead  of  being  above  the 
cylinder  aud  piston,  is  placed  below  them.     To  the  top  of  the 
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piston-rods  cruss  pieces  are  attached  of  ^eater  length  than 
the  diameter  of  the  cylinders,  so  tiiat  their  cxtroniities  shall 
project  heyond  tlic  cylinders.  To  the  ends  of  these  cross 
pieces  are  attached  by  joints  the  rods  of  a  parallel  motion : 
these  rods  are  carried  downwards,  and  arc  connected  with 
the  ends  of  two  beams  below  the  cylinder,  and  placed  on 
either  side  of  it.  The  opposite  ends  of  these  beams  are  con- 
nected by  another  cross  piece,  to  which  is  attached  a  con- 
necting rod,  which  is  cuulinued  upwards  to  the  crank-pin,  to 
which  it  is  attached,  and  which  it  drives.  Thus  the  beam, 
parallel  motion,  and  connecting  rod  of  a  7narine  engine,  is 
similar  to  that  of  a  land  engine,  oidy  that  it  is  turned  upside 
down ;  and  in  consequence  of  the  impossibility  of  placing  the 
beam  directly  over  the  piston-rod,  two  beams  and  two  systems 
of  parallel  motion  are  provided,  one  on  each  side  of  the 
engine,  acted  upon  by,  and  acting  on  the  pistou-rod  and 
crank  by  cross  pieces. 

The  proportion  of  the  cylinders  differs  from  that  usually 
observed  iu  laud  engines,  for  like  reasons.  The  length  of 
the  cylinder  of  land  engines  is  generally  greater  than  its 
diameter,  in  the  proportion  of  about  two  to  one.  The  cylin- 
ders of  marine  engines  are,  however,  commonly  constructed 
with  a  diameter  very  little  less  than  their  length.  In  pro- 
portion, therefore,  to  their  power  their  stroke  is  shorter, 
which  infers  a  corresponding  shortness  of  crank  and  a  greater 
limitation  of  play  of  oU  the  moving  parts  in  the  vertical 
direction.  The  valves  and  the  gearing  by  which  they  are 
worked,  the  air-pump,  tlie  condenser,  and  otlicr  parts  of  the 
marine  engines,  do  not  materially  differ  from  those  already 
described  in  land  engines. 

These  arrangements  of  a  marine  engine  will  be  more 
clearly  understood  by  reference  to  ^.  Hi).*,  in  which  is 
represented  a  longitudinal  section  of  a  marine  engine  with  its 
boiler  as  placed  iu  a  steam-vesscl.  The  sleepers  of  oak,  sup- 
porting the  engine,  are  represented  at  jc,  the  base  of  the 
engine  being  scciiTcd  to  these  by  bolts  passing  through  them 


*  Thi«  cut  h  taken  frooi  tho  plate  of  the  engine  of  the  Red  Rorcr,  ma- 
nn&ctured  hy  Btmhon  an<l  Watt,  given  in  the  taut  edidon  of  T^tdgoid  om 
the  SUam  Engine. 
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and  the  bottom  timbers  of  tlie  vpsscI  ;  b  ii 
leading  from  the  steam-chest  in  the  boiler  t 
which  it  is  admitted  to  the  top  and  bottom  of  ihc  cylinder. 
The  condenser  is  represented  at  b,  and  the*  air-pump  at  e. 
The  hot  well  is  seen  at  F,  from  which  the  feed  is  taken  for 
the  boiler;  L  is  the  piston-rod  connected  by  tbe  panllc) 
motion  a  with  the  beam  ii,  working  on  a  centre  K,  Bcur  tlir 
base  of  tlie  engine.  The  other  end  of  tlie  beam  i  drmi  Uw 
connecting  rod  m,  which  extends  upwards  to  the  cnuik  whldh 
it  works  upon  the  paddle-shaft  o.  q  n  ts  the  framing  hjj 
which  the  engine  is  supported.  The  bciun  here  cx)ubit«i  t>j 
shon-n  oil  dotted  lines  as  being  on  llie  further  side  of  lb* 
engine.  A  similar  beam  similarly  placed,  and  moring  oo  th«l 
same  axis,  must  be  undertood  to  bo  at  (his  side  coaneclcdj 
with  the  cross  head  of  the  piston  in  like  manner  by  a 
motion,  and  with  a  cross  piece  attached  to  the  lower  end 
the  connecting  rod  and  to  tlie  opposite  beam.  The  cccmtric 
which  works  the  slides  is  placed  upon  the  pa<tJtc  kliaft  o, 
and  the  comiecting  arm  which  drives  the  slides  may  be  easily 
detached  when  the  engine  requires  to  be  stopped.  The 
section  of  the  boiler,  grate,  and  flues,  is  represented  at  w  v.. 
The  safety-valve  y  is  enclosed  beneatli  a  pipe  carried  up 
beside  the  chimney,  and  is  inaccessible  to  the  engine-man ; 
h  are  the  cocks  fur  blowing  the  salted  water  ijom  the  boilTj 
and  I  I  the  feed-pipe. 

The  general  arrangement  of  the  engin&4tXBii  of  a 
vessel  is  represented  in^.  120. 

Ttie  nature  of  the  effect  required  to  be  produced  by  marincj 
engines  does  not  render  either  necessary  or  possible  llMt 
great  regularity  of  action  which  is  indispensable  in  ■  stesm- 
engine  applied  to  the  purposes  of  manufacture.  The  agi- 
tation of  the  surface  of  the  sea  will  cause  the  inunerston  of^ 
the  paddle-wheels  to  be  subject  to  great  variation,  and 
resistance  produced  by  the  water  to  the  engine  wiU  Dodergti 
a  corresponding  change.  The  governor,  therefore,  and  other 
parts  of  the  apparatus,  contrived  for  giving  to  the  mi^nc 
that  great  regularity  required  in  manufactnrea,  we  omitted 
in  nautical  engines,  and  notking  is  introduced  Bare  what  is 


Fig,  131. 


To  save  space,  marine  boilers  are  constructed  so  as  to  pro- 
duce the  necessary  quantity  of  stemii  within  the  smallest  po»- 

siblc  dimensions.  With 
this  view  a  more  exten- 
sive surface  in  proportion 
to  tlie  capacity  of  the 
boiler  is  exi>osed  to  the 
action  of  tlie  Arc.  TIic 
flues,  by  which  tlie  flame 
and  heated  air  are  con- 
ducted to  the  chimney, 
arc  so  conatructpd  that 
tlie  heat  may  act  upon  the 
water  on  every  sidv  in  thin 
oblong  shells  or  plates. 
This  is  accomplished  by 
constructing  the  flues  so 
as  to  traverse  the  boiler 
backwards  and  fon-vards  several  times  before  they  terminate 
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in  the  chimnej.     Such  an  armiigcinent  rcndere  the 

of  the  boilcru  greater, 
y-v-  I  as.         ^*^^^       steam -producii 
power    IK    pruportionoUv 
nupnicntfd,   and    ex]>rri- 1 
nients  madr  hv  Mr.  Witl 
at      Binningham.      h»i 
proved  that  such  buUc 
with  the  anmc  consunil 
tion  of  fuel  will  producr, 
as  com{>arcd  with  cottunaa 
land  boilers,  an  iiicrecwd 
evaporation  in  the  proportion  of  about  three  to  two. 

The  form  and  arrangement  of  the  water-spaces  and  flan  is 
marine  boilers  mar  be  collected  from  the  aections  of  i3m_ 
boilers  used  in  some  of  the  goveniment  steamers,  richibit 
111^5.  l^I,  122,  133.  A  secliun  made  hy  a  Iiurixnntal 
passing  through  the  flues  is  exhibited  in^.I^I.  The  fui 
p  communicate  in  |>airs  with  tlie  flues  e,  the  air  followtiig  the 
course  tlirough  the  flues  represented  by  the  arrows.  TTie  flue 
E  passes  to  the  back  of  the  boiler,  then  returns  to  the  fraot, 
then  to  the  back  again,  and  is  finally  carried  back  to  the 
front,  where  it  communicates  at  c  with  the  curved  flue 
represented  in  the  trmisvcmc  vertical  section,  ^,  122. 


fig,  18.1. 


curved  flue  b  ftiuUly  terminates  in  the  chimney  A.  Thcrr  are 
in  this  case  three  independent  boilers,  each  worked  by  two 
furnaces  communicating  with  the  same  system  of  flues;  and 
in  the  curved  flues  Bt^.\22.,  bj  which  the  air  is  fiikally  cm- 
ducted  through  the  chimney,  are  phwed  three  indmffmtdmA 
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dampers,  by  means  of  which  the  fiimaco  of  each  boiler  can  be 
regulated  independently  of  the  other,  and  by  which  each 
boiler  may  be  separately  detached  from  communication  with 
the  chimney.  The  letters  of  reference  iii  tho  horizontal  sec- 
tion,^i^.  121.,  correspond  with  those  in  the  transverse  vertical 
section,  ^y.  122.,  e  representing  tlic  couuiieuccmcut  of  the 
flues,  and  c  their  termination. 

A  lonjfitudinal  section  of  the  boiler  made  by  a  vertical 
plane  exU'ndiug  from  the  front  to  the  back  is  given  in^.  1 23. ^ 

i-V  124. 


3  E 


where  f,  as  before,  is  the  furnace,  g  tho  grate-bars  sloping 
dowiiwarda  from  the  front  to  the  back,  H  the  fire-bridge,  c 
the  commencement  of  the  flues,  and  a  the  chimney.  An 
elevation  of  the  front  of  the  boiler  is  represented  in^.  124., 
showing  two  of  tlie  fire-doors  closed,  and  the  other  two  re- 
moved, displaying  the  position  of  the  grate-bars  in  front. 
Small  openings  are  also  provided,  closed  by  proper  doors,  by 
which  access  can  be  had  to  tho  imdcr  side  of  the  flues  be- 
tween the  foundation  timbers  of  tlio  engine  for  tho  purpose 
of  cleaning  tlK-ni. 

Each  of  these  boilers  can  be  worked  independently  of  the  , 
others.     By  this  means,  when  at   sea,  the  engine  may  be 
worked  by  any  two  of  the  three  boilers,  while  the  third  is 
being  cleaned  and  put  in  order.     In  all  sea-going  steamers 
multiple  boilers  are  at  present  provided  for  this  puqioae. 

In  the  boilers  here  represented  the  'flues  arc  all  upon  the 
same  level,  winding  backwardw  and  for^vanls  without  passing 
one  above  the  other.     In  other  boilers,  however,  the  flues, 
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after  passinp;  backwards  and  forwards  near  the  bottom  of  the 
boiliT,  turn  upwards  aiid  pass  backwards  and  forward*  throii^ 
a  level  of  the  water  nearer  its  surface,  finally  ternitiuitiRg  m 
the  chimney.  Mure  heating  surface  is  thus  obtained  with 
the  same  capacity  of  boiler. 

The  most  formidable  difficulty  which  has  been  eneow- 
tered  in  the  application  of  the  steam-engine  to  sea-ToyagCi 
has  aruicn  from  ihu  necessity  of  supplying  the  boiler  with  VM- 
water  instead  of  jiure  fresh  water.  The  sea-water  is  injected 
into  the  condenser  for  the  purpose  of  condensing  the  stean, 
and  it  ts  thence,  mixed  with  tlie  condensed  steam,  ctnuluclcd 
as  feeding  water  into  the  boiler. 

{ii09.)  Sea-water  hohU,  as  is  well  known,  certain  alkaline 
substances  in  solution,  tlie  principal  of  which  is  muriate  of 
8oda,  or  common  salt.  Ten  thousand  grains  of  pure  se*-initcr 
contain  two  hundred  and  twenty  groins  of  common  saltt  the 
remaining  ingredients  being  thirty-three  grains  of  sulphate  of 
soda,  forty-two  grains  of  muriate  of  magnesia,  attd  cigbl 
grains  of  muriate  of  lime.  The  heat  which  converts  pur* 
water  into  steam  does  not  at  the  same  time  evaporate  tboM 
salts  which  the  water  holds  in  solution.  As  a  conaequmce 
it  follows,  that  as  the  evaporation  in  the  boiler  is  continued, 
the  salt,  which  was  held  in  solution  by  the  water  which  hii 
been  evaporated,  remains  in  the  boiler,  and  enters  into  mIo- 
tion  with  tbc  water  remaiuiiig  in  it.  The  quantity  of  alt 
contained  in  sea-water  being  considerably  less  than  that  whidi 
water  is  capable  of  holding  in  solution,  the  process  of  in*- 
poration  for  some  time  is  attended  with  no  other  effect  thai 
to  render  the  water  in  the  boiler  a  stronger  solutioa  of  «]L 
If,  however,  this  process  bo  continued,  the  quantity  of  atU 
retained  in  the  boiler  having  constantly  an  increasing  propor- 
tion to  the  quantity  of  water,  it  must  at  length  render  the 
water  in  the  boiler  a  saturated  solution — that  is,  a  solutioo 
containing  as  much  salt  as  at  llie  actual  temperature  it  is  c** 
pable  of  holding  in  solution.  If,  therefore,  the  eraporatioa 
be  continued  beyond  this  point,  the  salt  disengaged  fitm  tbv 
water  evaporated  instead  of  entering  into  solution  with  tfar 
water  remaiuiiig  in  the  boiler  will  be  precipitated  in  cbe 
fonn  of  sediment ;  and  if  the  process  be  continued  in  cbc 
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tame  manner,  the  boiler   would    at  length   become  a  mere 
ralt-pan. 

But  besides  the  deposition  of  salt  sediment  in  a  loose  fomi, 
loree  of  the  constituents  of  sea-water  having  an  attraction 
for  the  iron  of  die  boiler,  collect  upon  it  in  a  scale  or  crust 
in  the  same  manner  as  earthy  matters  held  in  solution  by 
spring-water  are  observed  to  form  and  become  incrusted  on 
the  inner  surface  of  land-boilers  and  of  common  culinary 
vessels. 

The  coating  of  the  inner  surface  of  a  boiler  by  incrusta- 
tion and  the  collection  of  salt  sediment  in  its  lower  parts,  are 
attended  with  effects  highly  injurious  to  the  materials  of  the 
boiler.  The  crust  and  sediment  thus  formed  within  the 
boiler  are  almost  non-conductors  of  heat,  and  placed,  as  they 
are,  between  the  water  contained  in  the  boiler  and  the  me- 
tallic plates  which  form  it,  they  obstruct  the  passage  of  heat 
from  the  outer  surface  of  the  plates  in  contact  with  the  fire 
to  the  water.  The  heat,  therefore,  accumulating  in  the 
boiler-plates  so  as  to  give  them  a  much  higher  temperature 
than  the  water  within  the  boiler,  lias  the  effect  of  sofleuing 
them,  and  by  the  unequal  temperature  which  will  thus  be 
unparted  to  the  lower  pliitcs  which  are  incrusted,  compared 
with  the  higher  parts  which  may  not  be  so,  an  unequal  ex- 
pansion is  produced,  hy  which  the  joints  and  seams  of  the 
boiler  are  loosened  and  apened,  and  leaks  produced. 

These  injurious  effects  can  only  be  prevented  by  either  of 
two  methods ;  first,  by  so  regulating  the  feed  of  the  boiler 
that  the  water  it  contains  shall  not  be  suffered  to  reach  the 
point  of  satiiracion,  but  shall  he  »o  Uinited  in  its  degree 
of  saltness  tliat  no  injurious  incrustation  or  deposit  shall 
be  formed;  secondly,  by  the  adoption  of  some  method  by 
which  the  boiler  may  be  worked  willi  fresh  water.  This 
end  can  only  be  attained  by  condensing  the  steam  hy  a  jet 
of  fresh  water,  and  working  the  boiler  continually  by  the 
same  water,  since  a  supply  of  fresh  water  sufficient  for  a 
boiler  worked  in  the  ordinary  way  could  never  be  commanded 
at  sea. 

(210.)  The  method  by  which  tlie  saltuess  of  the  water  in  the 
boiler  is  most  conunoidy  prevented  from  exceeding  a  certain 

o  M  :3 


452 


THE    STEAM    ENGINE. 


limit  has  been  tu  diachArgc  ftom  the  boUe-r  into  the  «•  ■ 
certain  quantity  of  over-naltect  water,  and  to  supply  it*  plan 
by  sea-water  intrixluccd  iutu  the  condenser  tlirough  the  in* 
jfK:tion-cock  for  the  piirpuat;  of  condensing  the  steain,  thia 
water  being  mixed  with  tlic  steam  so  condea»ed,  and  bcti^, 
therefore,  a  weaker  solution  of  salt  than  common  tem-wmter. 
To  effect  this,  eucks  cuUt-d  bime-off' cockt,  are  usually  placed 
in  the  lower  parta  of  the  boiler,  where  the  over-aallcd,  and 
therefore  heavier,  (Nirtii  of  the  water  cullcct.  The  pressure 
of  the  steam  aitd  incumbent  weight  of  the  water  in  the  boiler 
force  the  lower  strata  of  water  out  tlirough  theae  cocks ;  and 
this  process,  called  blotting  out,  ix,  or  ought  to  be,  prxetiaed 
at  such  intervals  as  will  prevent  the  water  from  hccomiag 
over  salted.  When  the  salted  water  ha^i  been  blown  out  ta 
this  manner,  the  level  of  the  water  in  the  boiler  U  restara4 
by  a  feed  of  corresponding  quantity. 

This  process  of  blowing  out,  on  the  due  and  regular  ob- 
irance  of  which  the  preser^-ation  and  efficiency  of  the  bofler 

linly  depend,  is  too  often  left  at  the  discretion  of  the  en- 
{^eer,  who  is,  in  most  eases,  not  even  supplied  with  the 
proper  means  of  ascertaining  the  extent  to  which  the  pracns 
ahould  be  carried.  It  is  commonly  required  that  the  «>- 
gineer  should  blow  out  a  certain  portion  of  the  water  in  tbe 
boiler  erery  two  hours,  restoring  the  level  by  a  feed  of  cq 
valcnt  amount ;  but  it  is  evident  that  tkc  sufficiency  of 
process  founded  on  such  a  rule  must  mainly  depend  on 
supposition  that  the  evaporation  proceeds  always  at  die  and 
rate,  which  is  far  from  being  the  ease  tritli  niarine  botlen. 
An  indicator,  by  which  the  saltness  of  the  water  in  the  bcnler 
would  always  be  exhibited,  ought  to  be  prorided,  and  the 
process  of  blowing  out  should  be  regulated  by  the  tmtt- 
cations  of  that  instrument.  To  blow  out  muri'  frequently 
than  is  neeesaaiy  is  attended  with  a  waste  of  fuel ;  for  hot 
water  is  thus  discharged  into  the  sea  while  cold  water  is  inti^ 
duced  in  its  place,  and  consequently  all  the  heal  neccaaary 
produce  the  difference  of  the  temperatures  of  the 
blown  out  and  the  ^aeA  introduced  is  lost.  If,  on  the  other 
hand,  the  process  of  blowing  out  be  obserrcd  leas  frequently 
than  is  neccsatry,  then  more  or  less  incrustation  and  depoait 


I 


iryte^ 

watai^H 

AtkM*  I 


M.ARINK    DOIf.£RS. 


413 


may  be  produced*  and  the  injurious  efTecUi  already  described 
ensue. 

As  the  specific  graWty  of  water  folding  salt  in  solution  is 
increased  with  every  increase  of  the  strength  of  the  solution, 
any  form  of  hydrometer  capable  of  exliibtting  a  visible  indi- 
cation of  the  specific  j^a'vity  of  the  water  contained  in  the 
boiler  would  serve  the  purpose  of  an  indicator,  to  show  when 
the  process  of  blowing  out  is  necessary,  and  when  it  has  been 
carried  to  a  sufficient  extent.  The  appUcatluu  of  such  instru- 
ments, however,  would  be  attended  witli  some  practical  diffi- 
culties in  the  case  of  sea-boilers.. 

The  temperature  at  which  a  solution  of  salt  boils  under  a 
given  pressure  varies  considerably  with  the  strength  of  tlie 
solution  i  the  more  concentrated  the  solution  is,  the  higher 
will  be  its  boiling  tem[»erature  under  the  same  pressure.  A 
compftrison,  therefore,  of  a  steam-gauge  attached  to  the  boiler, 
and  a  tliennumetcr  immersed  in  it,  showing  the  pressure  and 
the  temperature,  would  always  indicate  the  saltness  of  the 
water ;  and  it  would  not  be  difiicidt  so  to  graduate  tliese 
instruments  as  to  make  them  at  once  show  the  degree  of 
saltness. 

K  the  application  of  the  thermometer  be  considered  to  be 
attended  with  practical  difficulty,  the  difference  of  pressures 
under  which  the  salt  water  of  tlic  boiler  and  fresh  water  of 
the  same  temperature  boil,  might  be  taken  as  an  indication 
of  the  saltness  of  the  water  in  the  boiler,  and  it  would  not  be 
difficult  to  construct  upon  this  principle  a  sejf-registering  in- 
stnuient,  wliich  would  not  only  indicate  but  record  from  hour 
to  hour  the  degree  ef  saltness  oftlie  water.  A  small  vessel  of 
distilled  water  being  immersed  in  the  water  of  the  boiler 
would  always  have  the  temperature  of  that  water,  and  the 
steam  produced  from  it  communicating  with  a  steam-gauge, 
the  pressure  of  such  steam  would  be  irdicsted  by  that  gauge, 
while  the  pressure  of  the  steam  in  tlie  boiler  under  which 
pressure  the  salted  water  boils  might  be  indicated  by  another 
Egauge.  The  dillercnce  of  the  pressures  indicated  by  the  two 
gauges  would  thus  become  a  test  by  which  the  saltness  of  the 
water  in  the  boiler  would  be  measured.  The  two  pressures 
might  bo  made  to  act  on  opposite  ends  of  the  same  column  of 
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mercury  contained  iii  a  siphon  tube,  And  the  difference  of  the 
levels  uf  the  two  surfaces  of  the  mercury  would  thus  becomr 
a  meuure  of  the  imUncss  of  the  water  in  the  boiler.  A  M>lf< 
registering  instrument  founded  on  (his  principle  farmed  p«rt 
of  the  self-registeriiig  stcani-log  which  I  proposed  tu  intn>< 
duce  into  steam-vessels  some  time  siuce. 

(211.)  The  Messrs.  Seaward  of  Limehouse  hove  adopted,  in 
some  of  tlieir  recently  constructed  engines,  a  method  of  indi- 
cating the  saltness  of  the  water,  and  of  measuring  the  quantity 
of  salted  water  or  brine  discharged,  by  blowing  out.  A  gU»- 
gauge,  similar  in  form  to  that  already  described  in  land  en- 
gines (156.),  is  pronded  to  indicate  the  position  of  the 
surface  of  the  water  in  the  boiler.  In  this  gauge  two  l^* 
dromcter  balls  are  provided,  the  weight  of  which  in  pio- 
portion  to  their  magnitude  is  such  that  they  would  lioth  link 
to  tJie  bottom  in  a  solution  of  salt  of  the  aamc  strength  as 
commou  sea-water.  When  the  quantity  of  salt  exceed* 
5^2  parts  of  the  whole  weight  of  the  water,  the  lighter  of  the 
two  balls  will  float  to  the  top ;  and  when  the  strength  is 
further  increased  tmtil  the  proportion  of  salt  crxceeds  ^  parts 
of  the  whole,  then  the  heaner  ball  will  float  to  the  top.  The 
actual  quantity  of  salt  held  in  solution  by  sca-wmter  in  its  or- 
dinary state  is  ^'^  part  of  its  whole  weight ;  and  when  by  c*a> 
poration  the  proportion  of  salt  in  solution  has  become  ^ 
parts  of  the  whole,  then  a  deposition  of  salt  coouaeMf^ 
With  an  indicator  such  as  that  above  described,  the  ucenl 
of  the  lighter  hydrometer  ball  gives  notice  of  the  necMiity  for 
blowing  out,  and  the  ascent  of  the  hearier  may  be  considend 
as  indicating  the  approach  of  an  injurious  stale  of  saltneas  in 
the  boiler. 

The  ordinary  method  of  blon'ijig  out  the  sailed  water  (ram 
a  boiler  is  by  a  pipe  having  a  cock  in  it  ]fmAing  from  ths 
boiler  through  the  bottom  of  the  ship,  or  at  a  point  low  dom 
at  its  side.  Whenever  the  engineer  considers  that  the  water 
in  the  boiler  has  become  so  salted  that  the  process  of  blowing 
out  should  commence,  he  opens  the  cock  commtmicating  by 
this  pipe  with  the  sea,  and  suffers  an  indeiimte  and  uncertain 
quantity  of  water  to  escape.  In  this  way  he  dischargee,  ac* 
cording  to  the  magnitude  of  the  boiler,  from  two  to  six 
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of  water,  and  repeats  this  at  intervals  of  from  two  to  four 
hours,  as  he  may  consider  to  be  sufficient.  If,  by  observ- 
ing this  process,  he  prevents  tlie  boiler  from  getting  in- 
crusted  during  the  voyage,  he  considers  his  duty  to  be  effect- 
ually discharged,  forgetting  that  he  may  have  blown  out 
many  times  more  water  than  is  necessary  for  the  preserv- 
ation of  the  boiler,  and  thereby  produced  a  corresponding 
and  umiccessary  waste  of  fuel.  In  order  to  limit  the  quan- 
tity of  water  discharged,  Messrs.  Seaward  have  adopted 
the  foliomng  method.    In  Jig.  125.  is  represented  a  transverse 
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section  of  a  part  of  a  steam-vessel ;  w  is  the  water-line  of 
the  boiler,  b  is  the  mouth  of  a  blow-off  pipe,  placed  near  the 
bottom  of  the  boiler,  Tliis  pipe  rises  to  a,  and  turning  in 
the  horizontal  direction,  a  c  is  conducted  to  a  tank  t,  wliich 
contains  exactly  a  ton  of  water.  This  pipe  communicates 
with  the  tank  by  a  cock  d,  governed  by  a  lever  h.  When 
this  lever  is  moved  to  d',  the  cock  n  is  open,  and  when  it  is 
moved  to  x,  the  cock  d  is  closed.  From  the  same  tank  there 
proceeds  another  pipe  e,  which  issues  from  the  side  of  the 
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veitsel  into  the  »ea  govcmcd  Hy  a  cock  p,  which  U  Ukewiie 
put  in  connccliou  witli  tlie  lever  ii,  »o  that  it  shall  be  opened 
when  the  lever  h  is  drawn  to  the  position  v',  the  ccx:k  p'  being 
closed  in  all  positions  of  the  lever  between  K  and  r'.  Thus,  when- 
ever the  cock  p  conimtinicating  with  the  sea  ta  open,  the  cock" 
D  communicating  with  the  boiler  is  closed,  and  vice  cvrajjr 
both  cocks  being  closed  when  the  lever  is  in  the  intennrdiatr 
position  K.  By  this  arraimeinent  the  boiler  cannot,  bj  any. 
neglect  in  blowing  ofl',  be  left  in  ronimuni cation  with  the  m«^ 
nor  can  more  than  a  ton  of  water  be  discharged  except  by 
the  immediate  act  of  the  engineer.  The  injurious 
quences  ore  thus  prevented  wliich  sometimes  ensue  when 
blow-off  cocks  are  left  open  by  any  neglect  on  the  part  of  the 
engineer.  When  it  is  necessary  to  blow  off,  the  engineer 
moves  tJie  lever  H,  to  the  position  d'.  The  pressure  of  the 
steam  in  the  boiler  on  the  surface  of  the  water  w  forces 
the  salted  water  or  brine  up  the  pipe  B  A,  and  through  the 
open  cock  c  into  the  tank,  and  this  continues  until  the  tank 
is  filled :  when  that  takes  pUice,  Uie  lever  is  moved  from  tke 
position  d'  to  the  position  f',  by  wliicb  the  cock  d  is  cIomk),  and 
the  cock  F  opened.  The  water  in  the  tank  flows  tlirough  the 
pipe  E  into  the  sea,  air  being  admitted  through  the  rmlvt)  », 
placed  at  the  top  of  the  tank,  opening  inwurds.  A  second  ton 
of  brine  is  discliarged  by  moving  the  lever  bacJc  to  the  po* 
sicion  D%  and  subsequently  returning  it  to  the  pontion  r'; 
and  in  this  way  the  brine  is  discharged  ton  by  ton,  until  the 
supply  of  water  from  the  feed  which  replaces  it  has  caused 
both  the  balls  in  the  indicator  to  sink  to  the  bottom. 

(212.)  A  different  method  of  preserving  the  requiKile 
ncss  of  the  water  in  the  boiler  has  been  adopted  by  Mrmtt? 
Maudslayand  Field, and  introduced  with  succeasintotfaeGrMl 
Western  and  other  steam-vessels.  Pomps  called  brine-pmmm 
are  put  into  communication  with  the  lower  part  of  the  bailer, 
and  so  constructed  as  to  draw  the  brine  therefrom,  and  driw 
it  into  the  sea.  These  brine-pumps  arc  worked  by  the  en- 
gine, and  their  operation  is  constant.  Tlic  feed-pumps  s» 
likewise  worked  by  tlie  engine,  and  they  bear  such  a  propor- 
tion to  the  brine-pumps  that  the  quantity  of  salt  discliu)(ed 
la  a  given  time  in  tlie  brine  is  equal  to  the  quantity  of  salt 
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introduced  in  solution  by  the  water  of  the  feed-pumps.  By 
this  means  tho  same  actual  quantity  of  salt  i«  constantly 
maintained  in  the  boiler,  and  consequently  the  strength  of 
the  solution  remains  inrariable.  If  the  brine  discharged  by 
the  brine-puinps  contaius  /j  parts  of  salt  while  the  water 
introduced  by  the  feed-pnmps  contains  only  ^'g  part/  then 
it  is  evident  tliat  five  cubic  feet  of  tlie  feediiig  wattT  will 
contain  no  more  salt  than  is  contained  in  one  cubic  foot  of 
brine.  Under  such  circumstances  the  brine-pumpB  would  bo 
so  constructed  as  to  discharge  j-  of  the  water  intrmtuced 
by  the  feed-pumps,  so  that  f  of  all  the  water  introduced 
into  the  boiler  would  be  evaporated,  and  rendered  avaihiblc 
for  working  the  eng-ine. 

To  save  the  heat  of  the  brine,  a  method  has  been  adopted 
in  the  nmriuc  engines  constructed  by  Messrs.  Maudslay  and 
Field  similar  to  one  wliich  has  been  long  practised  in  steam- 
boilers,  and  in  various  apparatus  for  the  warming  of  buiUU 
ings.  The  current  of  heated  brine  is  conducted  from  the 
boiler  through  a  tube  which  is  contained  in  another,  tlirough 
which  the  feed  is  introduced.  The  warm  current  of  brine, 
tberefore,  as  it  passes  out,  imparts  a  considerable  portion  of 
its  heat  to  the  cold  feed  which  comes  in  ;  and  it  is  found 
that  by  tliis  expedient  the  brine  discharged  into  tlie  sea  may 
be  reduced  to  a  temperature  of  about  100°. 

This  expedient  is  so  efl'cetual  that  when  the  apparatus  is 
properly  constructed,  and  kept  in  a  state  of  efficiency,  it  may 
be  regarded  as  nearly  a  perfect  preventive  against  the  incrust- 
ation, and  the  deposition  of  salt  in  the  boilers,  and  is  not 
attended  with  any  considerable  waste  of  fuel. 

(213.)  About  the  year  1776,  Mr.  Watt  invented  a  tubular 
condenser,  with  a  view  to  condense  the  steam  drawn  off  from 
the  cylinder  without  the  process  of  injection.  This  apparatus 
consisted,  of  a  nximber  of  small  tubes  connecting  the  lap  and 
bottom  of  the  condenser,  arranged  in  a  manner  not  very  dif- 
ferent from  that  of  the  tubes  which  traverse  the  boiler  of  a 
locomotive  engine.  These  tubes  were  continually  surrounded 
by  cold  water,  and  the  steam,  as  it  escaped  from  the  cylinder 
passing  through  them,  was  condensed  by  their  cold  surfaces, 
and  collected  in  the  form  of  water  in  a  reservoir  below. 
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whence  it  was  dra^vn  off  by  a  pump  iii  the  name  mm 
in  engines  which  comlcnsfd  by  iujcclion.  One  of  I 
vantages  proposed  by  this  expedient  was,  that  no  aUnospbcnc 
air  would  be  introduced  into  the  condenser,  as  ta  always  the 
case  when  condensation  by  injection  is  practued.  Cold  water, 
which  is  injected,  has  always  combined  with  it  more  or  lea 
common  air.  'When  this  water  is  mixed  with  the  eoadensod 
stemn,  tlie  elcvalaon  of  its  temperature  disengage*  the  air 
combined  with  it,  and  this  air  circulating  to  the  cylinder, 
vitiates  the  vacuunu  One  of  the  purposes  fur  which  the 
air-pump  in  condensing  steam-engines  was  prorided,  aod 
from  which  it  took  its  name,  was  to  draw  off  this  air. 
If,  however,  a  tubular  condenser  could  be  made  to  act  with 
the  necessary-  efKciency,  no  injection  water  would  b«  iaXT^ 
duced  for  condensation,  and  the  pump  would  Iwvc  no  othrr 
duty  except  to  remove  the  small  quantity  of  wat«r  produced 
by  tlie  condensed  steam.  That  water  being  subsequently 
carried  back  to  the_  boiler  by  the  feed-pumps,  a  cuustaoi 
system  of  circulation  would  be  maintained,  and  the  boiler 
would  never  require  any  fresh  supply  of  water,  except  what 
might  be  necessary  to  make  good  the  waste  by  leakage  and 
other  causes. 

This  contrivance  has  been  of  late  years  revived  by  Mr. 
Samuel  Hall  of  Bosford,  near  Nottingham,  with  a  view  to 
supersede  in  marine  engines  tlie  necessity  of  using  a«aF-vatsfl- 
in  the  boilers.  Mr.  Hall  proposes  to  make  marine  boilers 
with  fresh  water  to  condense  the  steam  without  injection^  by 
a  tubulated  condenser,  and  to  provide  by  the  distiUation  of 
sea-water  the  small  quantity  of  fresh  water  which  would  Im 
necessary  to  make  good  the  waste.  These  condensers  hare 
been  introduced  into  several  steam-vessels:  in  some  th«y 
have  been  continued,  and  in  others  abandoned,  mud  rarioui 
opinions  are  entertained  of  their  efficacy.  I  have  not  be«« 
able  to  obtain  the  results  of  any  satisfactory  experimenta  on 
them,  and  cannot  therefore  funn  a  judgment  of  their  use- 
fulness. Mr.  Watt  abandoned  these  condensen  from  findii^ 
that  the  condensation  of  the  steam  was  not  sufficjontly 
sudden,  and  that  consequently  at  the  commencement  of  the 
stroke  the  piston  was  subject  to  a  resistance  which   inju- 
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rioiwly  diminished  the  amount  of  the  monng  power,  whereas 
condensation  hy  jet  was  almost  inKtantaneous,  and  the  effi- 
ciency of  the  piston  throughout  the  entire  stroke  was  more 
uniform. 

Mr.  Watt  also  found  that  a  fur  collected  around  the  tubes 
of  the  condenser,  so  as  to  obstruct  the  free  passagR  of  heat 
from  the  steam  to  the  water  of  the  cold  cistern ;  and  that, 
consequently,  the  efficiency  of  the  condenser  was  gradually 
impaired,  and  could  only  be  restored  by  frequent  cleansing. 

It  is  stated  by  Mr.  Hall  that  a  vacuum  is  preserved  in  his 
condensers  as  perfect  as  that  which  is  maintained  in  the 
ordinary  condensers  by  injection.  It  is  objected,  on  the 
other  hand,  that  without  the  injection  water  and  the  air 
which  accompanies  it  being  introduced  into  his  condensers, 
Mr.  Hall  uses  as  large  and  powerful  an  air-pump  as  those 
which  are  used  in  engines  of  equal  power  condensing  by 
injection;  that,  consequently,  the  vacuum  which  is  maintained 
is  produced,  not  as  it  ought  to  be  altogether  by  the  condens- 
ation of  stcamif  but  by  the  air-pump  drawing  ofi"  the  uiicou- 
densed  steam.  To  whatever  extent  this  may  be  true,  the 
efficacy  of  the  macliine,  as  indicated  by  the  baromoter-gauge, 
is  only  apparent;  since  its  mucli  power  is  necessary  to  pump 
away  any  portion  of  uncondenscd  vapour  as  is  obtained  by 
the  vacuum  produced  by  the  absence  of  that  vapour. 

A  tubular  condenser  of  the  form  proposed  by  Mr.  Hall  is 
represented  iii  yfy.  120.;  a  is  tlie  upper  part  of  the  con- 
denser to  which  steam  is  admitted  from  the  slide  after  having 
worked  the  piston  ;  M  is  the  section  of  a  thin  plate,  forming 
the  top  of  the  condenser,  perforated  with  small  holes,  in 
which  the  tubes  are  inserted  so  as  to  be  steam-tight  and 
water-tight.  Water  is  admitted  to  flow  around  these  tubes 
between  the  top  k  and  tlie  bottom  d  of  the  condenser,  so  as 
to  keep  them  constantly  at  a  low  temperature.  The  steam 
passes  from  a  through  the  tubes  to  the  lowt-r  chamber/ of 
the  condenser,  where  it  is  reduced  to  water  by  the  cold  to 
which  it  has  been  exposed.  A  supply  of  cold  water  is  con- 
stantly pumped  through  the  condenser,  so  as  to  keep  the  tubes 
at  a  low  temperature.  The  air-pump  g  is  of  the  usual  con- 
struction, having  valves  in  the  piston  opening  upwards,  and 
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similaT  valves  in  tlic  cover  of  the  pump  also  opening  Q] 
Thf  water  formed   by   the  condcnsod  steam  in  /  w 
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through  the  foot-valve,  and  after  passing  through  the  putun* 
valves,  is  discharged  by  the  up-stroko  of  the  piston  into 
llic  hot  well.  Any  air,  or  other  permanent  gas,  which  may 
be  admitted  hy  leakage  through  tlic  tubes  of  the  condrnser, 
or  by  any  other  means,  is  UkeiKiae  drawn  out  by  this  pump, 
and  when  drawn  into  the  hot  well  is  carried  from  thenoe  to 
the  feeding  apparatus  of  the  boiler,  to  which  it  is  tnmttatd 
hy  the  feed-pump. 

A  pro%*ision  is  likewise  made  by  which  the  steam  ■■"■pTg 
at  tlie  safety-valve  is  cundi'nsed  aud  curried  away   to 
feeding  cistern. 

(214.)  One  of  the  remedies  proposed  for  the  evil 
quences  arising  from  incrustation  is  llic  substitution  of  copper 
for  iron  boilers.   The  attraction  which  produces  the  adheaoaj 
of  the  calcareous  matter  held  in  solution  by  salt  water  to  tht 
surface  of  iron  has  no  existence  in  copper,  and  all  the  saliiw 
and  other  alkaline  matter  precipitated  in  tlie  boiling  water  in 
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copper  boilers  is  suspended  in  a  loose  form,  and  carried  off 
by  the  proces*  of  blowing  out. 

Besides  the  injury  arising  from  the  deposition  of  salt  and 
the  incrustation  on  the  inner  surface  of  boilers,  an  evil  of  a  for- 
midable kind  attends  the  accumulation  of  soot  niixc<!  with  salt 
in  the  flues,  which  proceeds  from  the  leaks.  In  the  seams  of  the 
boiler  there  are  numerous  apertures,  of  dimensions  so  small  as 
to  be  incapable  of  being  rendered  stanch  by  any  practicable 
means,  through  wltich  the  water  within  the  boiler  filters,  aiid 
tlic  salt  wliich  it  carries  with  it  mixes  with  the  soot,  forming 
a  compound  which  rapidly  corrodes  the  boilers.  This  process 
of  corrosion  in  the  flues  takes  place  not  less  in  copper  than  in 
iron  boilers.  In  cleansing  tlie  (lues  of  a  copper  boiler,  the 
salt  and  soot  which  was  thrown  out  upon  the  iron-ptatca 
which  formed  the  flooring  of  the  engine-room,  having  re- 
mained there  for  some  time,  left  behind  it  a  permanent  ap- 
pearance of  copper  on  the  iron  flooring,  arising  from  the 
precipitation  of  the  copper  which  had  combined  with  tlie  soot 
and  salt  in  the  Hues.*  In  this  case  the  leak»  from  whence 
the  salt  proceeded  were  found,  on  careful  examination,  so  tm- 
important,  that  the  usual  means  to  stanch  thcni  could  not 
be  resorted  to  without  the  risk  of  increasing  the  e\-il. 

(215.)  In  the  application  of  the  steam-engine  to  tlie  propul- 
sion of  vessels  in  voyages  of  great  extent,  the  economy  of  fuel 
acquires  an  importance  greater  than  that  which  appertains  to  it 
in  land-engines,  even  in  localities  the  most  removed  from  coal- 
mines, and  where  its  expense  is  greatest.  The  practical  limit  to 
steam-voyages  being  determined  by  the  greatest  quantity  of 
coals  which  a  steam-vessel  can  carry,  every  expedient  by  wluch 
the  efficiency  of  the  fuel  can  b«  increased  becomes  a  means,  not 
merely  of  a  saving  of  expense,  but  of  an  increased  exteusion  of 
steam-power  to  navigation.  Much  attention  has  been  bestowed 
pn  the  augmentation  of  the  duty  of  engines  in  the  mining 
districts  of  Cornwall,  where  the  question  of  their  efficiency 
is  merely  a  question  of  economy,  but  far  greater  care  shoidd 
be  given  to  this  subject  when  the  practicability  of  maintaining 
intercourse  by  steam  between  distant  points  of  the  globe 
will  perhaps  depend  on  the  effect  produced  by  a  given  quan- 

•  Appendix  I.,  on  Marine  BoUert,  ty  J.  Dmnai  ;  TVnJ^oW  on  the  Strom 
tngme,  second  edition. 
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vessel  into  the  sea  governed  by  a  cock  r,  which  is  Ekc'wW 
put  in  connection  with  the  lever  B,  no  that  it  i>liall  be  oprni*d 
when  the  lever  ii  is  tlrawm  to  the  ponition  f',  the  cock  d'  being 
closed  in  allpositionsof  the  lever  between  K and  F*.  Thu»,  when- 
ever the  cock  F  communicating  with  the  so*  is  open,  the  cock 
D  communicating  with  llie  boiler  is  closed,  and  ricf  rtnA, 
both  cocks  being  closed  when  the  lever  is  in  the  intrntwdiatr 
position  K.  By  this  arrangement  the  boiliT  cannot,  hy  anj 
neglect  in  blowing  off,  be  left  in  communication  with  the  ««, 
nor  can  more  than  a  ton  of  water  be  discharged  except  hy 
the  immediate  act  of  the  engineer.  The  injurious  eatat" 
quenccs  are  thus  prevented  wliich  sometimes  ensue  when  the 
blow-off  cocks  are  left  open  by  any  neglect  on  the  put  of  ikr 
engineer.  When  it  is  necessary  to  blow  off,  the  erigiiieer 
moves  the  lever  ii,  to  the  position  d'.  The  pressure  of  the 
steam  in  the  boUer  on  the  surface  of  the  water  w  forces 
the  salted  water  or  brine  up  the  pipe  B  a,  and  thTT>ugfa  the 
open  cock  c  into  the  tank,  and  this  continues  until  die  tank 
is  filled :  when  that  takes  place,  the  lever  is  moved  from  tbr 
position  d'  to  the  po^tition  f',  by  which  the  cock  D  is  closed*  mod 
the  cock  F  opened.  The  water  in  the  tank  flows  through  the 
pipe  E  into  the  sea>  air  being  admit  ted  through  the  valre  t, 
placed  at  the  top  of  the  tank,  opening  inwards.  A  second  ton 
of  brine  is  discharged  by  moWug  the  lever  back  to  the  pfr 
ntion  D*,  and  subsequently  returning  it  to  the  position  f'i 
and  in  this  way  the  brine  is  discharged  ton  by  ton,  until  the 
supply  of  water  from  the  feed  which  replaces  it  has  cansed 
both  the  balls  in  the  indicator  to  sink  to  the  bottom. 

(SIS.)  A  different  mctliod  of  preser\'ing  the  requisite  fre^ 
ness  of  the  water  in  the  boiler  has  been  adopted  by  Meann. 
Maudslay  and  Field, and  introduced  with  suecessintotheOrMl 
Western  and  other  steam-vci^sels.  Pumps  called  fwimt  yum/a 
arc  put  into  communication  with  the  lower  part  of  the  boQer, 
and  so  constructed  as  to  draw  tlie  brine  therefrom,  and  drire 
it  into  the  sea.  These  brine-pumps  are  worked  by  the  en- 
gine, and  their  operation  is  constant.  The  feed-pumps  are 
likewise  worked  by  the  engine,  and  llicy  bear  such  a  propor- 
tion to  the  brine-pumps  that  the  quantity  of  salt  dtsrhat)^ 
in  a  given  time  in  the  brine  is  equal  to  the  quantity  of  call 
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introduced  in  solution  by  the  water  of  the  fecd-piiinps.  By 
this  meanfi  the  same  actual  quantity  uf  salt  i»  constantly 
maintained  in  the  boiler,  and  consequently  the  strength  of 
the  solution  remiuiia  invariable.  If  the  brine  discharged  by 
the  brine-pumps  contains  j-^j  parts  of  salt  while  the  water 
introduced  by  the  feed-pumps  contains  only  ^  part,"  then 
it  is  ci.'ident  that  five  cubic  feet  of  the  feeding  water  will 
contain  no  more  salt  than  is  contained  in  one  cubic  foot  of 
brine.  Under  such  circumstances  the  brine-pumps  would  be 
so  constructed  as  to  discharge  j-  of  the  water  introduced 
by  the  feed-piimps,  so  that  J  of  all  the  water  introduced 
into  the  boiler  would  be  evaporated,  and  rendered  available 
for  working  the  engine. 

To  aave  the  heat  of  the  brine,  a  method  has  been  adopted 
in  the  marine  engines  constructed  by  Messrs.  Maudsky  and 
Field  similar  to  one  which  has  been  long  practised  u»  steam- 
boilers,  and  in  various  apparatus  for  the  wanning  of  build- 
ings. The  current  of  heated  brine  ia  conducted  from  the 
boiler  through  a  tube  wliich  is  contained  in  anotlier,  through 
which  the  feed  is  introduced.  Tlie  warm  current  of  brine, 
therefore,  as  it  passes  out,  imparts  a  considerable  portion  of 
ita  heat  to  the  cold  feed  which  comes  in ;  and  it  is  found 
that  by  this  expedient  the  brine  discharged  into  the  sea  may 
be  reduced  to  a  temperature  of  about  100°. 

This  expedient  is  so  effectual  that  when  the  apparatus  is 
properly  constructed,  and  kept  in  a  state  of  clGciency,  it  may 
be  regarded  as  nearly  a  perfect  preventive  against  the  incrust- 
ation, and  the  deposition  of  salt  in  the  boilers,  and  is  not 
attended  with  any  considerable  waste  of  fuel. 

(213.)  About  the  year  1776,  Mr.  Watt  invented  a  tubular 
condenser,  with  a  view  to  condense  the  steam  drawn  off  from 
the  cylinder  without  the  process  of  injection.  Tliis  apparatus 
consisted  of  a  number  of  small  tubes  connecting  the  top  and 
bottom  of  the  condenser,  nnanged  in  a  maimer  not  very  dif- 
ferent from  tliat  of  the  tubes  which  traverse  the  boiler  of  a 
locomotive  engine.  These  tubes  were  continually  surrounded 
by  cold  water,  and  the  steam,  as  it  escaped  from  the  eylinder 
passing  Llirough  them,  was  condensed  by  their  cold  surfaces, 
and  collected  in  the  form  of  water  iu  a  reservoir  below,  from 
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whence  it  was  drawn  ofT  by  a  pump  in  the  aame  m^nnfT 
in  engines  wluch  coudcuscd  hy  iujccliuu.  One  of  the 
vantages  propoiied  by  this  expedient  waft,  chat  no  atmoypl 
air  wuuld  bu  introduced  inlu  the  condenser,  as  is  alwajB  thm' 
case  when  condensation  hy  injection  is  practised.  Cold  watcTn 
which  is  injected,  has  always  combined  with  it  more  or  Ic 
common  air.  When  this  water  is  mixed  with  the  cnndcnted 
steam,  the  elevation  of  its  temperature  disengage*  the  aic 
combined  with  it,  and  this  air  circulating^  to  the  cjrliikder« 
vitiates  the  vacuum.  One  of  the  purposes  for  which  the 
air-pump  in  condensing  steam-engines  was  provided,  tad 
from  which  it  took  its  name,  was  to  draw  off  this  air. 
If,  however,  a  tubular  condenser  could  be  made  to  act  with 
the  necessary  efficiency,  no  injection  water  would  he  iotro- 
duced  for  condensation,  and  the  pump  would  have  no  oth9 
duty  except  to  remove  the  small  quantity  of  water  produml 
by  the  condensed  steam.  Tliat  water  being  subsequently 
carried  back  to  the,  boiler  by  the  feed-pumps,  a  constant 
system  of  circulation  would  be  maintained,  and  the  boiler 
would  never  require  any  fresh  supply  of  water,  excejit  wbai 
might  be  necessary  to  make  good  the  waste  by  leakage  aaJil 
other  causes. 

This  contrivnuce  has  been  of  late  years  revived  by  Mr. 
Samuel  Hall  of  Bostord,  near  Nottingham,  with  m  vivw  to 
supersede  in  marine  engines  the  necessity  of  using  seft-water 
in  the  boilers.  Mr.  Halt  proposes  to  make  nruuinc  boilen 
with  fresh  water  to  condense  the  steam  without  injection,  by 
a  tubulated  condenser,  and  to  provide  by  the  distillation  of 
■Oi^water  the  small  quantity  of  fresh  water  which  would  be 
neceaury  to  make  good  the  waste.  These  condciuKTs  have 
been  introduced  into  several  steam* veaaels :  in  aono  they 
have  been  continued,  and  in  others  abandoned,  and  variooi 
opinions  are  entertained  of  their  efficacy.  I  have  not  been 
able  to  obtain  the  results  of  any  satisfactory  expcrimenU  tm 
them,  and  cannot  therefore  form  a  judgment  of  their  itte* 
fulness.  Mr.  Watt  abandoned  these  condensers  from  finding 
that  the  condensation  of  the  steam  was  not  sufficient); 
sudden,  and  that  consequently  at  the  commencement  of  the 
stroke  the  piston  was  subject  to  a  resistance  which   inju- 
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riously  diminished,  the  amount  of  the  moving  power,  whereas 
condensation  by  jet  wag  almost  instantaneous,  and  the  effi- 
ciency of  the  piston  throughout  the  entire  stroke  was  more 
uniform. 

Mr.  Watt  also  found  that  a  fur  collected  around  the  tubes 

the  condenser,  so  as  to  obstruct  the  free  passage  of  heat 
the  steam  to  the  water  of  the  cold  cistern;  aiid  that, 
consequently,  the  efficiency  of  the  condenser  was  gradually 
impaired,  and  could  oidy  be  restored  by  frequent  cleansing. 

It  is  stated  by  Mr.  Hall  that  a  vacuxim  is  preserved  in  his 
condensers  as  perfect  as  that  which  is  maintained  in  the 
ordinarj-  condensers  by  injection.  It  is  objected,  on  the 
other  hand,  that  without  the  injection  w^ater  and  the  air 
irhich  accompanies  it  being  introduced  into  his  condensers, 
Mr.  Hall  uses  as  large  and  powerful  an  air-pump  as  those 
which  are  used  in  engines  of  equal  power  condensing  by 
injection ;  that,  consei|uently,  the  vacuimi  which  is  maintained 
is  produced,  not  as  it  ought  to  be  altogether  by  the  condeiis- 
atiou  of  steam,  but  by  the  air-pump  drawing  off  the  uncon- 
densed  steam.  To  whatever  extent  this  may  be  true,  the 
efficacy  of  the  machine,  as  indicated  by  the  barometer-gauge, 
28  only  apparent ;  since  as  much  power  is  necessarj'  to  pump 
Away  any  portion  of  uncondenscd  vapour  as  is  obtained  by 
the  vacuum  produced  by  the  absence  of  that  vapour. 

A  tubular  condenser  of  the  fonn  proposed  by  Mr.  Hall  is 
represented  in  jtf^.  126. ;  a  is  the  upper  part  of  the  con- 
denser to  which  steam  is  admitted  from  the  slide  after  having 
worked  the  piston;  A  is  the  section  of  a  tliin  plate,  forming 
the  top  of  the  condenser,  perforated  with  small  holes,  iu 
which  llic  tubes  ore  inserted  so  as  to  be  steam-tight  and 
water-tight.  Water  is  aduutlcd  to  flow  around  these  tubes 
between  the  top  k  and  the  bottom  d  of  the  condenser,  so  as 
to  keep  them  cunstaiilly  at  a  low  temperature.  The  steam 
passes  from  a  through  the  tubes  to  the  lower  chamber /of 
the  condenser,  where  it  is  reduced  to  water  by  the  cold  to 
which  it  has  been  exposed.  A  supply  of  cold  water  is  con- 
Btantly  pumped  through  the  condenser,  so  as  to  keep  the  tubes 
at  a  low  temperature.  The  air-pump  ff  is  of  the  usual  con- 
struction, having  valves  in  the  piston  opening  upwards,  and 
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through  the  foot-valve,  und  after  passing  tlirough  the  putctt-^ 
Talve«,  is  dischnrged   by  the   up-«troke  of  the   picton  iato 
the  hot  well.     Any  air,  or  other  pennanent  gas,  which 
be  admitted  by  leakage  through  the  tubes  of  the  eoiMienMr« 
or  by  any  other  means,  is  likewise  drawn  out  by  this  piuapJ 
and  when  drawn  into  the  hot  well  is  carried  from  thonce 
the  feeding  apparatus  of  llie  boiler,  to  which  it  ia  trmiufc 
by  the  feed-pump. 

A  provision  is  likewise  made  by  which  tlie  ateatn 
at   the  safety-valve  is  condensed  and  carried   awmy   to 
feeding  cistern. 

(214.)  One  of  the  reraedicB  proposed  for  the  rvil  oo 

quences  arising  from  tncrusuiion  is  the  substitution  of  ccfip&ri 

fur  iron  boilers.    The  attraction  which  produces  tlic  adhesioa , 

of  the  calcareous  matter  held  in  solution  by  salt  water  to  cks 

surface  of  iron  has  no  existence  in  copper,  and  all  the  aaluM 

and  otlier  alkaline  matter  precipitated  in  the  boiling  water  is 
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copper  boilers  is  suspended  in  a  loose  form,  and  carried  off 
by  the  process  of  blowing  out. 

Besides  the  injury  arising  from  tW-  deposition  of  aalt  and 
the  incrustation  on  the  inner  surface  of  boilers,  an  evil  of  a  for- 
midable kind  attends  the  accumulatiou  of  soot  mixed  witli  salt 
in  the  flues,  which  proceeds  from  the  leak.*;.  In  the  seams  of  the 
boiler  there  are  numerous  apertures,  of  dimensions  so  small  as 
to  be  incapable  of  being  rendered  stanch  by  any  practicable 
means,  through  which  the  water  within  the  boiler  filters,  and 
the  salt  wliich  it  carries  with  it  mixe-s  with  the  soot,  forming 
a  compound  which  rapidly  corrodes  the  boilers,  lliis  process 
of  corrosion  in  the  flues  takes  place  not  less  in  copper  than  in 
iron  boilers.  In  cleansing  tlic  flues  of  a  copper  boiler,  the 
aalt  and  soot  which  was  thrown  out  upon  the  iron-plates 
which  fonned  the  flooring  of  the  engine-room,  having  re- 
mained there  for  some  rime,  left  behind  it  a  permanent  ap- 
pearance of  copper  on  the  iron  flooring,  arising  from  the 
precipitation  of  the  copper  which  had  combined  with  the  soot 
and  salt  in  the  flues.*  In  this  case  the  leaks  from  whence 
the  salt  proceeded  were  found,  on  careful  examination,  so  un- 
important, that  tlic  usual  means  to  stanch  them  could  not 
be  resorted  to  without  the  risk  of  increasing  the  evil. 

(S15.)  In  the  application  of  the  steam-engine  to  tlic  propul- 
sion of  vessels  in  %'oyagea  of  great  extent,  the  ecnnomy  of  fuel 
acquires  an  importance  greater  than  tliat  which  appertains  to  it 
in  land-engines,  even  in  localities  the  most  removed  from  coal- 
mines, and  where  its  expense  is  greatest.  Tlie  practiciil  limit  to 
Bteam-voyages  being  determined  by  the  greatest  quantity  of 
coals  which  a  steam-vessel  can  carry,  every  expedient  by  which 
the  efficiency  of  the  fuel  can  be  increased  becomes  a  means,  not 
merely  of  a  saving  of  expense,  but  of  an  increased  extension  of 
steam-power  to  navigation.  Much  attention  has  been  bestowed 
pn  the  augmentation  of  the  duty  of  engines  in  the  mining 
districts  of  Cornwall,  where  the  question  of  their  efficiency 
is  merely  a  question  of  economy,  but  far  greater  care  should 
be  given  to  this  subject  when  the  practicability  of  maintaining 
intercourse  by  steam  between  distant  points  of  the  globe 
will  perhaps  depend  on  tlie  effect  produced  by  a  given  quim- 

*  Appendix  I.,  on  Marine  Bmkrt,  by  J.  D'mnen  ;  Trrdgald  on  the  Sltum 
Enpae,  second  edition- 
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tity  of  fuel.  So  long  as  stoam-nar^tion  wu  coafiiwd  to 
river  and  channel  transport,  and  to  coasting  ^<^^^^**  ^9 
speed  of  the  vessel  was  a  paramount  cousiderallon,  at  what- 
ever expenditure  of  fuel  it  might  be  obtained ;  but  naee 
steam -navigation  has  becu  extended  tu  oceaii-voyaLgcs,  when 
coala  must  be  transported  sufHcient  to  keep  the  engine  dl 
operation  for  a  long  period  of  time  without  a  fresh 
greater  attention  has  been  bestowed  upon  the  means  of 
uomising  it. 

Much  of  ilie  elEciency  of  fuel  must  depend  ou  the 
agement  of  the  tires,  and  therefore  on  tlie  skill  aitd  ca 
the  stokers.  Fonuerly  the  efficiency  of  firemen  wu  deter- 
mined by  the  abundant  production  of  steam,  and  so  long  as 
tlie  steam  was  evolved  in  superabundance^  howcTer  it  mif^t 
have  blown  off  to  waste,  the  duty  of  the  stoker  was  cod- 
sidered  as  well  performed.  The  regulation  of  tho  firct 
according  to  the  demands  of  the  engine  were  not  thought  o( 
and  whether  much  or  little  steam  was  wanted^  the  duly  of 
the  stoker  was  to  urge  the  fires  to  their  extreme  limit. 

Since  the  resistance  opposed  by  the  action  of  the  pkddJo* 
wheels  of  a  steam-vessel  varies  with  the  state  of  the  weftther, 
the  consumption  of  steam  in  the  cylinders  must  undeigo  a 
corresponding  variarioii ;  and  if  the  production  of  steam  ia 
the  bailers  be  not  proportioned  to  this,  the  engines  will 
either  work  with  less  elBciency  tlisn  they  might  do  under 
the  actual  circumstances  of  the  weather,  or  more  atmn  will 
be  produced  in  the  l>oilers  than  the  cylinders  can  consume, 
and  the  surplus  will  be  discharged  to  waste  through  the 
safety-vatves.  The  stokers  of  a  marine  engine,  therefon, 
to  perform  their  duty  with  efficiency,  and  obtain  &om  th* 
fuel  the  greatest  possible  effect,  must  dischai^e  the  functioaf 
of  a  self-regulating  furnace,  such  as  has  been  almdy 
described:  they  must  regulate  the  force  of  tlie  fires  by  ibe 
amount  of  steam  which  the  cylinders  ore  capable  of  ooa- 
suming,  and  they  must  lake  care  that  no  unconsumed  foe!  is 
allowed  to  be  carried  away  from  the  ash-pit. 

(316.)  Until  within  ff  few  years  of  the  proaent  time  the  heat 
radiated  from  every  part  of  the  surface  of  the  boiler  wna  aUowsd 
to  go  to  waste,  and  to  produce  injurious  effects  un  ihoae  parti 
of  the  vessel  to  which  it  was  transmitted.     This  evil,  how- 
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ever,  has  been  lately  removed  by  coating  the  hoilcrs,  steam- 
pipes,  &c.  of  steam-vessels  with,  felt,  by  which  the  escape  of 
heat  from  the  surface  of  the  boiler  is  very  nearly,  if  not  alto- 
gether, prevented.  This  felt  is  attached  to  the  boiler-surface 
by  a  thick  covering  of  wliite  and  red  lead.  This  expedient 
was  first  applied  in  the  year  1818  to  n  private  steam -vessel 
of  Mr.  Watt's  called  the  Caledonia,  and  it  was  subsequently 
adopted  in  another  vessel,  the  machinery  of  which  was  con- 
structed at  Soho,  called  the  James  Watt. 

The  economy  of  fuel  depends  in  a  considerable  degree  on 
the  arrangement  of  the  funiaces,  and  the  method  of  feeding 
them.  Ill  general  each  boiler  is  worked  hy  two  or  more  fur- 
naces communicating  with  the  same  system  of  flues.  While 
the  furnace  is  fed,  the  door  being  open,  a  stream  of  cold  air 
rushes  in,  passing  over  tlie  burning  fuel  and  lowering  the 
temperature  of  the  Hues:  this  is  an  evil  to  be  avoided.  But, 
on  the  other  hand,  if  the  furnaces  be  fed  at  distant  intervals, 
then  each  furnace  will  be  unduly  heaped  with  fuel,  a  great 
quantity  of  smoke  will  be  evolved,  and  the  combustion  of  the 
fuel  will  be  proportionally  imperfect.  The  process  of  coking 
in  front  of  the  grate,  which  would  insure  a  complete  com- 
bustion of  the  fuel,  has  been  already  described  (147.).  A 
frequent  supply  of  coals,  however,  laid  carefully  on  the  front 
part  of  the  grate,  and  gradually  pushed  backwards  a.4  each 
fresh  feed  is  introduced,  would  require  the  fire-dt>or  to  be 
frequently  opened,  and  cold  air  to  be  aduiitted.  It  would 
also  require  greater  vigilance  on  the  part  of  the  stokers  than 
can  generally  bo  obtained  in  the  circumstances  in  wliich  they 
work.  In  steam-vessels  the  furnaces  are  therefore  fed  less 
frecpicntly,  fuel  introduced  in  greater  quantities,  and  a  less 
perfect  combustion  produced- 

When  several  furnaces  are  constructed  under  the  same 
boiler,  communicating  with  tlie  same  system  of  flues,  the 
process  of  feeding,  and  consequently  opening  one  of  them, 
obstructs  the  due  operation  of  the  others,  for  the  current  of 
cold  air  which  is  thun  admitted  into  the  flues  checks  the  draft 
and  diminishes  the  eJHciency  of  the  furnaces  in  operation. 
It  was  formerly  the  practice  in  vessels  exceeding  one  hundred 
horse-power,  to  place  four  furnaces  under  each  boiler,  com- 
municating with  the  same  system  of  Hues.      Such  an  arrange- 
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nient  waa  found  to  be  attended  witlia  bad  draft  In  Uie 
and  tJiL-rcfurc  to  require  a  greater  quantity  of  heating  iufikc« 
to  produce  the  necessary  evaporation.  This  entailed  upon  1^ 
machinery  tlte  occupation  of  more  space  in  tlic  vetael  ib 
proportion  to  its  power;  it  ha*  therefore  been  more  recently 
the  pnicticc  to  ^ive  a  separate  system  of  flues  to  each  pur  of 
furnaces,  or,  at  most,  to  every  three  furnaces,  \S'l»ei»  thn* 
ftimacea  communicate  with  a  common  flue,  two  will  alwitys 
be  in  operation,  while  the  third  is  being  clc«red  out  ]  but 
if  the  same  quantity  of  fire  were  divided  amonp  two  fur- 
naces, then  tlie  clearing  out  of  one  would  throw  out  of  oper- 
ation half  the  entire  quantity  of  fire,  and  during  the  proc<M 
the  evaporation  would  be  injuriously  diminished.  It  ■ 
found  by  experience,  tliat  the  side  plates  of  furnaces 
liable  to  more  rapid  destruction  than  their  roofs,  owing, 
bably,  to  a  greater  liability  to  deposit.  Furnaces,  thenfori^ 
filtoutd  not  be  made  narrower  tlian  a  certain  limit*  Gnat 
deptli  from  front  to  back  is  also  attended  with  practical  in- 
convenience, as  it  renders  firing  tools  of  considerable  lei^th, 
and  a  corresponding  extent  of  stoking  room  necessary.  It 
is  recommended,  by  those  who  have  bad  much  practical  ex- 
perience in  sti'iun -vessels,  that  furnaces  six  feet  in  depth  frooi 
front  to  back  should  not  be  less  than  three  feet  in  width,  to 
aflbrd  means  of  tiring  with  as  little  injury  to  the  aide  plate* 
as  possible,  and  of  keeping  the  fires  in  the  condition  nccr*> 
sary  for  the  production  of  the  greatest  cflcct.  The  tops  of 
the  furnaces  almost  never  deeply,  and  seldom  are  subject  to 
an  alteration  of  figure,  unless  llie  level  of  the  water  be  al- 
lowed to  fail  below  them.* 

(217.)  A  form  of  marine  engine  was  some  yean  ainoe  pio- 
posed  and  patented  by  Mr.  Thomas  Howard,  poascaaiDg  mnch 
novelty  and  ingenuity,  and  having  pretensions  to  a  my 
extraordinary'  economy  of  fuel,  in  addition  to  the  adranltgca 
claimed  by  Mr.  Hall,  In  Mr.  Howard's  engines,  the  stoaai, 
as  in  Mr.  Uall's,  is  constantly  reproduced  from  the  ttauf 
water,  so  that  pure  or  distilled  water  may  be  used;  but 
Mr.  Howard  dispenses  altogether  with  the  use  of  a  boiler. 

A  quantity  of  mercury-  is  placed  in  a  shallow  Hroiight-iroa 
veaael  over  a  coke  fire,  by  which  it  is  mauitaiucd  at  a  tem- 
*  TWdgoid  on  the  Steam  Enfpiic,  Ap)H^ix,  I.  |i.  171. 
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perature  vaiying  from  400*  to  500*".  The  surface  exposed 
to  the  (ire  was  computed  at  three  fourths  of  a  square  foot 
for  each  horse-power.  The  upper  surface  of  the  mercury 
was  covered  by  a  very  Lhin  plate  of  iron  in  contact  with  it, 
and  so  contrived  as  to  present  about  four  times  as  much 
surface  as  that  exposed  beneath  the  fire.  Adjacent  to  tliis 
a  vessel  of  water  was  placed,  maintained  nearly  at  the  Iwiling 
point,  and  conmiuni eating  by  a  nozzle  and  valve  witli  tlie 
chamber  immediately  above  the  mercmy.  At  inten-als  cor- 
responditi)^  to  the  motion  of  the  piston  a  small  quantity  of 
water  was  injected  from  this  vessel,  and  throivn  upon  the 
plate  of  iron  resting  upon  the  hot  mercury.  From  tliis  it 
received  not  only  the  heat  necessary  to  convert  it  into 
common  steam,  but  to  give  it  the  qualities  of  highly  super- 
heated steam.  In  fact,  the  steam  thus  produced  had  a  tem- 
perature consideriibly  above  that  which  corresponded  to  its 
pressure,  and  was,  therefore,  capable  of  being  deprived  of 
more  or  less  of  its  heat  without  being  condensed.  (94.) 
The  quantity  of  water  injected  into  tlie  steam* chamber  was 
reguhited  by  the  power  at  which  the  engine  was  intended  to 
be  worked.  The  lire  was  supplied  with  air  by  a  blower 
subject  to  exact  regulation.  The  steam  tlius  produced  waa 
conducted  to  a  chamber  surrounding  the  working  cylinder, 
and  this  chamber  itself  was  enclosed  by  another  space  through 
which  the  air  from  the  furnace  passed  before  it  reached  the 
flue.  By  this  contrivance  the  air  imparted  its  redundant  heat 
to  the  steam,  as  the  latter  passed  to  the  cylinder,  and  raised 
its  temperature  to  about  400°,  the  pressure,  however,  not  ex- 
ceeding 23  lbs.  per  square  inch.  The  valves,  governing  the 
admission  of  steam  to  the  piston,  were  adapted  for  expansive 
action. 

The  vacuum  on  the  opposite  side  was  maintained  by  con- 
densation in  the  following  manner:  —  The  condenser  was  a 
copper  vessel  placed  in  a  cistern  of  cold  water,  and  the  steam 
was  admitted  to  it  from  the  cylinder  by  an  eduction  pipe  in 
the  usual  way.  A  jet  was  introduced  from  an  adjacent  vessel 
filled  with  distilled  water,  and  the  condensing  water  and 
condensed  steam  were  pumped  from  the  condenser  as  in 
common* engines.     The  warm  water  thus  pumped  out  of  the 
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condenser  was  drawn  through  a  copper  worm,  carried  with 
many  coiU  tliroujjjh  a  cistern  of  cold  water,  so  that  when  it 
arrived  at  the  end  of  this  pipe  it  wjw  reduced  newlr  to  the 
temperature  of  the  atmosphere.  The  pipe  was  thus  bron^t 
to  the  vessel  of  distilled  water  already  mentioned,  and  tba 
water  »upp1icd  by  it  repUced.  Tlie  water  admitted  to  the 
condenser  through  the  condensing  jet  beinp  purged  of  air, 
a  small  air-pump  was  suflicieut.  since  it  bad  only  to  cxhauBt 
the  condenser  and  tubes  at  starting,  and  to  remove  the  air 
which  might  bo  admitted  by  leakage,  Mr.  Howard  atBted 
that  the  condensation  took  place  as  rapidly  and  perfectly  at 
in  tlie  best  engines  of  the  common  kind. 

An  engine  of  this  construction  was  in  tlie  spring  of  I8S5 
placed  in  the  government  steamer  called  the  Comat.  It  «w 
stated,  that  though  the  machinery  was  not  advantageoudy 
constructed,  a  part  of  the  engine  being  old,  and  not  nuide  ex- 
pressly for  a  boiler  of  this  kind,  the  vessel  performed  a 
voyage  from  Falmouth  to  Lisbon,  in  which  the  coiwumpticin 
of  fuel  did  not  exceed  a  tliird  of  her  former  conaumption 
when  worked  by  Boulton  and  Watt's  engines,  tlie  fonnffrcon- 
sumptinn  of  coals  being  about  eight  hundred  pounds  per  hour, 
and  the  consumption  of  Mr.  Howard's  engine  being  Icn  than 
two  hundred  and  fifty  pounds  of  coke  per  hour. 

The  advantages  clainied  for  this  contrivance  were  the  fol- 
lowing :  Jirst,  the  small  space  and  weight  occupied  by  the 
macbinerv,  arising  from  the  absence  of  a  boiler;  ttamd,  the 
diminished  consumption  of  fuel ;  thirti^  the  reduced  aize  of 
the  flues;  fourtit^  the  removal  of  the  injurious  effc«ta  uiibiK 
from  deposit  and  incrustation  ;  fifth,  the  absence  of  nnokc. 

(iil8.)  The  method  by  which  the  greatest  quantity  of  practical 
effect  can  be  obtained  from  a  given  quantity  of  fuel  must, 
however,  mainly  depend  on  the  extended  application  of  iJw  ex- 
pansive principle.  'I'his  has  been  tlic  means  bv  which  an  rxtn- 
ordinary  amount  of  duty  has  been  obtained  from  the  Comisfa 
engines.  The  difficulty  of  the  application  of  thij  principle  ia 
marine  engines  has  arisen  from  the  objections  entertained  in 
Europe  to  the  use  of  steam  of  high  pressure  under  the  circua- 
•tances  in  which  the  engine  must  be  worked  at  sea.  To  ^ply 
the  expansive  principle,  it  is  necessary  tltat  tliemoving'powvrat 
llie  conunenccment  of  the  stroke  shall  considerably  excvvd  the 
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rtsistance,  its  farce  being  gradually  attenuated  till  the  com* 
pletion  of  the  stroke,  when  it  will  at  length  become  les8  than 
the  reaiatance.  This  condition  may,  however,  be  attained  with 
steam  of  lintited  pressure,  if  tlic  engine  be  constructed  with 
a  sufficient  quantity  of  piston -surface.  This  method  of  ren- 
dering the  expansive  principle  available  at  sea,  and  com- 
patible witli  low-pre8j*ure  steam,  has  recently  been  brought 
into  operation  by  Messrs.  Maudalay  and  Field.  Their  im- 
provement consists  in  adapting  two  steam-cylinders  in  one 
engine,  in  such  a  uiainter  that  the  steam  shall  act  simulta- 
neously on  both  pistons,  causing  them  to  ascend  and  descend 
together.  The  piston-rods  are  both  attached  to  the  same 
horizontal  cross-bead,  whereby  tlicir  combined  action  is  ap- 
plied to  one  crank  by  means  of  a  connecting  rod  placed 
between  the  pistons. 

A  section  of  such  an  engine,  made  by  a  plane  passing 
through  tlie  two  pistun-rods  p  p*  and  cylinders,  ia  represented 
in^.  127.     The  piston-rods  are  attached  to  a  cross-bead  c, 
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which  ascends   aud  descends  with  them.      This 

drives  upwards  and  downwards  an  axlo  d,  to  which 

end  of  the  cunucctijig  rud  e  is  attached.     The  other  end  of 

the  connecting  rod  drives  the  crank -pin  f,  and  imparts  rm>- 

lution  tu  the  paddle-shaft  o.     A  rod  ii  conveys  motioD  hy 

means  of  a  beam  i  to  the  rod  k  of  tlie  air-pump  k. 

(219.)  Connected  with  this^  and  in  the  same  patent,  an 
improvement  is  included.consiitttngof  the  application  of  a 
low  wrought-iron  framing  earned  across  the  vessel  above 
macliinery,  to  support  tlie  whole  of  tlie  bearings  of  tlie  crank- 
shat't.  A  plan  of  this,  including  the  cylinders  and  padiU^ 
wheel,  is  represented  in  ^.128.  The  advantages  propoaed 
by  these  iniprovementa  are  simplicity  of  construction,  uort 
direct  action  on  the  crank,  economy  of  space  and  weight  of 
material,  combined  with  increased  area  of  the  piston,  wfaeieby 
a  given  evaporating  power  of  tlic  boiler  is  rendered  produc- 
tive, by  extended  application  of  the  expansive  principle,  of  a 
greater  mo^'ing  power  than  in  former  arrangements.  Coo- 
sequently,  under  like  circumstances,  greater  power  and  ca^ 
nomy  of  fuel  is  obtained,  with  the  further  advantage  at  sea, 
that  when  the  engine  is  reduced  in  its  speed,  either  by  tlw 
vessel  being  deeply  laden  with  coal,  as  is  the  case  at  the  otMD- 
mencement  of  a  long  sea  voyage,  or  by  head  winds,  men 
steam  may  be  given  to  the  cylinders,  and  consequently  man 
speed  imparted  to  the  vessel,  all  the  steam  produced  in  the 
boiler  being  usefully  employed. 

{2iiO.)  Anotlier  improvement,  baring  the  same  objects,  and 
analogous  to  the  preceding,  has  been  likewise  patented  hf 
Messrs.  Maudslay  and  Field.  Tliis  consists  in  the  adoption  of 
a  cylinder  of  greater  diameter,  having  two  piston-rodii  r  p',  a* 
represented  in/fffA29.,  of  considerable  Icngtli,  cuimected  at 
the  top  by  a  cross-head  c.  From  this  croa»>head  ia  carrii 
downwards  the  connecting  rod  d,  which  drives  the  crank-fan 
E,  and  thereby  works  the  paddle-shaft  s.  In  this  case  th« 
paddle-shaft  is  extended  immediately  above  the  piston,  and 
the  double  piston-ri>d  has  sufficient  length  to  be  abore  the 
paddle-shaft  when  the  piston  is  at  tlie  bottom  of  ita  stroke 
This  improvement  is  intended  to  be  applied  vnort  particularly 
for  engmes  for  river  uarigation,  the  advantages  resulting  fmai 
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compact  and  firm  connection  of  the  cylinder  with  the  cmk*' 
fthaft  bearingH  is  effecu^d  by  It,  and  a  cylinder  of  much  praalcr 
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diameter  may  be  applied  by  which  the  expannve  acliou  of 
i»tcam  may  be  more  fully  brought  into  play  ;  and  a  more  di- 
rect action  of  the  Ateoiii -power  on  (he  crank  with  a  Im 
weight  of  materials  and  a  greater  economy  of  space  may  he 
obtained  titan  by  any  of  tlie  arrangements  of  marine  engina 
hitherto  uned. 

{mi.)  Mr.  Francis  Humplirj's  has  obtained  a  patent  for  i 
form  of  marine  onpine,  bv  which  (tome«iinplific.-iiinn  cif  tlie  ma- 
chinery in  attained,  and  the  same  p<iwer  com]tri-s«*d  within  more 
limited  dimensions.  In  this  engine  there  is  attached  to  the 
pinton  nf  the  cylinder,  instead  of  a  piston-rod,  a  hollorw  eat- 
ing D  D  {Jii/.  I.'JO.).  which  moves  through  a  &tutfing-box  o,  con- 
structed in  a  manner  similar  to  the  stuffing-box  of  a  piatoD- 
rod.     In  the  figure,  this  casing  is  presented  in  aection,  bal 
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attached  so  ns  to  be  sleam-tif^ht  to  the  bottom  of  the  piston/ 
A  hollow  space  l  l  Is  cast  in  the  bottom  of  the  cylinder  for 
the  reception  of  the  box  k  k,  when  the  piston  is  «  the 
bottom  of  the  cylinder. 

By  this  arrangement  the  force  by  which  the  piston  in  dnTeq 
in  its  ascent  and  descent  is  cummunicated  to  tlie  connecting 
rod,  not,  aa  usual,  through  the  intervention  of  a  piKton-rod. 
but  directly  from  the  piston  itself  by  the  cross-pin  i,  and  from 
thence  to  the  crank  c,  which  it  drives  without  the  inlcrxcnlion 
of  beams,  cross-heads,  or  any  siuiilar  appendage. 

The  slide-valves  regidating  the  admission  and  eduction  of 
steam  are  represented  at  a ;  the  rod  of  tlie  air-pump  is  shown 
at  d,  being  worked  by  a  crank  placed  on  the  centre  of  the 
great  crank  shaft.* 

(2*22.)  To  obtain  from  the  moving  power  its  full  amount  of 
mechanical  effect  in  propelling  the  vessel,  it  would  be  necn- 
sary  that  its  force  should  propel,  hy  constanllj'  acting  against 
the  water  in  a  horizontal  direction,  and  with  a  motim  con- 
trary to  the  course  of  the  vessel.  No  system  of  mediuucal 
propellers  has,  however,  yet  been  contrived  capahle  of  per- 
fectly accomplishing  this.  Patents  have  been  graiit£d  Air 
many  ingenious  mechanical  combinations  to  impart  to  tlw 
propeUing  surfaces  such  angles  as  appeared  to  the  respective 
contrivers  most  advantageous.  In  most  of  thcac  the  me- 
chanical complexit)'  has  formed  a  fatal  objection.  No  put 
of  the  machinery  of  a  steam-vessel  is  so  liable  to  bM-oine 
deranged  at  sea  as  the  paddle-wheels ;  and,  therefore,  that 
simplicity  of  construction  wliieh  is  compatible  with  iboic 
repairs  which  are  possible  on  such  emergencies  is  quitr  ii*> 
scntiul  for  »&fe  practical  use. 

Tlie  ordinar\'  {>addle-wheel,  as  has  been  already  stated,  is 
a  wheel  revohing  upon  a  shaft  driven  by  tlie  eugine,  and 
carrying  upon  its  circumference  a  number  of  flat  boards, 
calle<l  paddle-boards,  which  ore  secured  by  nuts  and  braces 
in  a  fixed  position ;  and  tliat  position  is  such  that  the  plaon 

■  F.iigitioi  on  a  venr  large  Kale  conKtructed  upoD  thin  priariplir  «* 
Mul  to  be  in  proceSB  of  eoaatnictioo  far  an  iron  sloun-veMel  aC^twtt  |tH»> 
tiaitv,  which  is  in  nreparalion  for  the  New  York  piajuce.  It  m  mU  UmS 
the  cylindcn  of  taeae  engines  wilt  be  one  hundred  sou  twmiy  todua  « 
diameter. 
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of  the  paddle-boards  divei^e  nearly  from  the  centre  of  the 
shaft  on  which  the  wheel  turns.  The  consequence  of  this 
arrangement  in  that  each  paddle-board  can  only  act  in  that 
direction  which  is  most  advantageous  for  the  propulsion  of 
the  vcfutel  when  it  arrives  near  the  lowest  point  of  the  wheeh 
In  Ji^,  132.  let  o  be  tlic  shaft  on  which  the  common  paddle- 
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wheel  revolves ;  the  position  of  the  paddle-boards  arc  repre- 
sented at  A,  B,  c,  &c.  ;  X,  Y  represents  tlie  water  line,  tlie 
course  of  the  vessel  being  supposed  to  be  from  x  to  Y ;  the 
arrows  represent  the  direction  in  which  tlie  paddle-wheel 
revolves.  The  wheel  is  immersed  to  the  depth  of  the  lowest 
paddle-board,  since  a  less  degree  of  Immersion  would  render 
a  portion  of  the  surface  of  each  paddle-board  mechanically 
useless.  In  the  position  a  the  whole  force  of  the  paddle- 
board  is  efficient  for  propelling  the  vessel ;  but  as  the  paddle 
enters  the  water  in  the  position  11,  its  action  upon  the  water, 
not  being  horizontal,  is  only  partially  effective  for  propulsion  : 
R  part  of  the  force  which  drives  tlie  paddle  is  e^cpended  in 
depressing  the  water,  and  the  remainder  in  driring  it  contrary 
to  the  course  of  the  vessel,  and,  therefore,  by  itx  re-action 
producing  a  certain  propelling  effect.  The  tendency,  how- 
cver»  of  the  paddle  entering  tlie  water  at  h,  is  to  form  a 
boUow  or  trough,  which  the  water,  by  its  ordinary  property, 
has  a  continual  tendency  to  fill  up.  After  po&sing  the  lowest 
poiut  A|  as  the  paddle  approaches  the  position  b,  where  it 
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emerges  from  the  wat^^r,  its  action  again  becomes  obtiqttF, 
a  part  oiiiy  having  a  propelling  effect,  aiid  the  remainder 
having  a  tendencj  to  raise  tlic  water,  and  tluruw  up  a  nwn 
and  spraj  behind  the  paddle-wheel.  U  is  crident  thftt  tbe 
more  deeply  the  paddle-wheel  becomes  immened,  the  grvmlu 
will  be  the  proportion  of  the  propelling  power  thus  wasted 
in  elevating  and  depressing  the  water ;  and  if  tlie  wheel  were 
immersed  lo  its  axis,  the  whole  force  of  tlie  paddloboanU, 
on  entering  and  leaving  the  water^  would  be  Idtt^  no  part  of 
it  having  a  tendency  to  propel.  If  a  still  deeper  immcrdaii 
take  place,  the  paddle-boards  above  the  axis  would  hare  a 
tendency  to  retard  the  course  of  the  vessel.  W'h»-n  the  ^resM-l 
is,  therefore,  in  proper  trim,  tlte  immersion  slioukl  not  exccvd 
n4ir  fall  short  of  the  depth  of  the  lowest  paddle ;  bat  lor 
various  reasons  it  is  impossible  in  practice  to  mminlalD  ihb 
fixed  immersion :  tlie  agitation  of  the  surface  of  the  tea, 
causing  the  vessel  to  roll,  will  necessarily  produce  a  greal 
variation  in  the  immersion  of  the  paddle -wheels,  cue  W 
coming  frequently  immersed  to  its  axle»  while  the  other  is 
raised  altogether  out  of  the  water.  Also  the  draa^t  of 
water  of  the  vessel  is  liable  to  change,  by  the  rariation  in  ber 
cargo ;  this  will  necessarily  happen  in  steamers  which  take 
long  voyages.  At  starting  they  ore  heavily  laden  with  far], 
which  as  they  proceed  is  gradually  consumed,  wherebr  Ac 
vessel,  is  lightened. 

(223.)  To  remove  this  defect,  and  economise  as  much  as 
possible  the  propelling  effect  of  the  paddle-boards,  it  would 
be  necessary  so  to  construct  them  that  they  may  enter  and 
leave  the  water  edgeways,  or  a«  nearly  so  as  possiblr ;  sadi 
an  nrrongemcnt  would  he,  in  effect,  ecjuit-alent  to  the  proce« 
called  feathering,  as  applied  to  oars.  Any  mechanism  which 
would  perfectly  accomplish  this  would  cuuse  the  paddles 
work  in  almost  perfect  silence,  and  would  very  nearly  mnowl 
the  inconvenient  and  injurious  vibration  which  ts  productd] 
by  the  action  of  the  common  paddles.  But  the  constructic 
of  feathering  paddles  Is  attended  with  great  difTicultv, 
the  peculiar  circumstances  in  which  such  wheels  work, 
mechanism  so  complex  that  it  could  not  be  easily  rcpairrd 
when  deranged,  with  such  engineering  implements  and  skill 
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Bs  can  be  obtained  at  sea,  would  be  attended  with  great 
objections ;  and  the  efficiency  of  its  propelling  action  would 
not  compensate  for  the  dangers  which  must  attend  upon 
the  helpless  state  of  a  steamer,  deprived  of  her  prupelling 
a^nts. 

FeatherinfT  paddle-boards  must  necessarily  have  a  motion 
independently  of  the  motion  of  the  wheel,  since  any  fixed 
position  which  could  be  given  to  them,  though  it  might  be 
most  favourable  to  Uieir  action  in  one  position  would  not  he 
so  in  their  whole  course  through  the  water.  Thus  the  paddle- 
board  when  at  the  lowest  point  should  be  in  a  vertical  posi- 
tion, or  so  placed  that  its  plane,  if  continued  upwards,  would 
pass  through  the  axis  of  the  wheel.  In  other  p(witions,  how- 
ever, as  it  passes  through  the  water,  it  should  present  its 
upper  edge,  not  towards  the  axle  of  the  wheel,  hnt  towards  a 
point  above  the  highest  point  of  the  wheel.  The  precise 
point  to  which  the  edge  of  the  paddle-board  should  be  di- 
rected is  capable  of  mathematical  determination.  But  it 
will  vary  according  to  circimiatances,  which  depend  on  the 
motion  of  the  vessel.  The  progressive  motion  of  the  vessel, 
independently  of  the  wind  or  current,  must  obviously  be 
slower  than  the  motion  of  the  paddle-boards  round  llie  axle 
of  the  wheel ;  since  it  is  by  the  difference  of  these  velocities 
that  the  re-action  of  the  water  is  produced  by  which  the 
vessel  is  propelled.  The  proportion,  however,  between  the 
progressive  speed  of  the  vessel  and  the  rotative  speed  of  the 
paddle-boards  is  not  fixed :  it  will  vary  with  the  shape  and 
structure  of  the  vessel,  and  with  its  depth  of  immersion  ; 
nevertheless  it  is  upon  this  proportion  that  the  manner  in 
which  the  paddle-boards  should  shift  their  position  must  be 
determined.  If  the  progressive  speed  of  the  vessel  were 
nearly  equal  to  the  rotative  speed  of  the  paddle-boards,  the 
latter  should  so  shift  their  position  that  their  upper  edges 
should  be  presented  to  n  point  verj'  little  above  the  highest 
point  of  the  wheel.  This  is  a  state  of  things  which  could 
only  take  place  in  the  case  of  a  steamer  of  a  small  draught  of 
water,  shallop-shaped,  and  so  constructed  as  to  suffer  little 
resistance  from  the  fluid.  On  the  other  hand,  the  greater 
the  depth  of  immersion,  and  the  less  fine  the  lines  of  the 
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vessel,  the  greater  will  be  the  resistance  in  passing  ihroogb . 
the  water,  and  the  greater  will  be  the  proportion  which  tht< 
rotative  speed  of  the  paddle-boards  will  bear  to  tlie  progret^i 
sive  speed  of  the  vessel.     In  this  latter  cue  the  independent 
inotiou  of  the  paddle-buards  should  be  such  that  their  cdgm^ 
while  in  the  water,  shall  be  presented  towards  a  point 
derably  above  the  liighest  point  of  the  paddle-wheel. 

A  vast  number  of  ingenious  mechanical  contrivanoei  haTe 
been  invented  and  patented  for  accomplishing  the  object  just 
explained.  Some  of  these  have  failed  from  the  circuBwtaiicc 
of  their  inventors  not  clearly  understanding  what  precise 
motion  it  was  necessary  to  impart  to  the  paddle-board  :  othm 
have  failed  from  the  complexity  of  the  mechanism  by  which 
the  desired  effect  was  produced. 

(:324^.)  In  the  year  1 8^  a  patent  was  granted  to  £Ujah  Gal- 
loway for  a  paddle-wheel  with  movable  paddles,  which  patent 
was  purchased  by  Mr.  William  Morgan,  who  made  varioM 
alterations  in  the  mechanism,  not  very  materially  dcp*rtng 
from  tlie  principle  of  the  invention. 

This  paddle-wheel  is  represented  in  yfi?.  133.     The 
trivance  may  be  shortly  stated  to  consist  in  causing  the  whwl' 
which  bears  the  paddles  to  revolve  on  one  centre,  and  the 
radial  arms  which  move  the  paddles  to  revolve  on  another^ 
centre.     Let  ABCDEFGHiKLbc  the  polygonal  circumfe- 
rence of  the  paddle-wheel,  formed  of  straight  lutra,  arcurely 
connected  together  at  the  extremities  of  the  sjKjkes  or  nw£l 
of  tlie  wheel  which  turns  on  the  shaft  which  is  worked  by  the 
engine ;   the  centre  of  this  wheel  being  at  o.     So  far  thif 
wheel  is  similar  to  the  common  paddle-wbeel ;  but  the  paddle 
boards  are  not,  as  in  the  common  wheel,  fixed  at  a  sc,  &c« 
so  Bi  to  be  always  directed  tu  the  centre  o,  but  are  ao  plaeed 
that  they  are  capable  of  turning  on  axlt-s  which  are  ahnyi 
horizontal,  so  that  they  can  take  any  angle  with  respect  to 
the  water  which  may  be  given  to  them.     From  the  cenlrai|i< 
or  the  line  joining  the  pivots  on  which  these  [mddle^boardsj 
turn,  there  proceed  short  arms  K,  firmlv  fixed  tn  the  paddle- 
boards  at  an  angle  of  about  1^)°,     On  a  motion  given  to  this 
arm  k,  it  will  therefore  give  a  corresponding  an^tar  motioS'i 
to  the  paddle-board,  lo  as  to  make  it  turn  on  its  pirota.     At 
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the  extremities  of  the  several  arms  marked  x  ia  a  phi  or  pivot, 
to  which  the  extremities  of  the  radial  arms  L  arc  severally 
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attached,  so  that  the  angle  between  each  radial  arm  l  and  the 
ahort  paddle-ami  k  is  capable  of  being  cliaiiged  by  any  mo- 
tion imparted  to  i. ;  the  racUal  arms  are  counocted  at  the  otlier 
end  with  a  centre,  round  which  they  are  capable  of  revolving. 
Now,  since  the  points  a  B  c,  &c.,  which  are  the  pivota  on 
which  tlie  paddle-boards  turn,  arc  moved  in  the  circumference 
of  a  circle,  of  which  the  centre  is  o,  they  are  always  at  tlie 
same  distance  from  that  point ;  consequently  they  will  con- 
.tinually  vary  their  distance  from  the  other  centre  p.  Thus, 
Lwheu  a  paddle-board  arrives  at  tliat  point  of  its  revolution  at 
^"Which  the  centre  round  which  it  revolver  Vies  precisely  be- 
tween it  and  the  centre  o,  ila  distance  from  tlie  fonner  centre 
ia  less  than  in  any  other  position.  As  it  departs  from  that 
point,  its  distance  from  that  centre  gradually  increases  imtil  it 
arrives  at  the  opposite  point  of  its  revolution,  where  the 
centre  o  is  exactly  between  it  and  tlie  fonner  centre;  then  tJie 
distance  of  the  paddle-boord  from  the  former  centre  is  greatest. 
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This  constant  change  of  diHtancc  Iwtween  «u!)i  paddl«-t 
ami  Lhi>  centre  F  is  accumniudatcd  by  llic  variation  of  the  uigla 
between  the  radial  arm  l  and  the  short  paddle-board  airm  K ; 
as  the  paddle-board  approaches  the  centre  e  this  graduaDj 
dintinisbcs  ;  and  as  the  distance  of  the  paddle-board  increaae*, 
the  angle  iK  likemHe  augmented.  This  cliange  in  the  magni- 
tude of  the  angle,  which  (hue  accommodates  the  varying  pon- 
tion  of  the  paddle-board  with  respect  to  the  centre  p,  will  be 
obser\ed  in  the  ligurc.  The  paddle-board  d  is  nesrcst  to  p; 
and  it  will  be  obsen'ed  that  the  angle  contained  betwvrB  L 
and  K  is  lliere  very  acute ;  at  £  the  angle  between  l  and  K 
increased,  but  in  still  acute  ;  at  n  it  increases  to  a  right  angle ; 
at  H  it  becomes  obtuse ;  and  at  K,  where  it  is  mcMt  distant 
from  the  centre  P,  it  becomes  most  obtuse.  It  again  dimin- 
ishes at  K,  and  becomes  a  right  angle  between  a  and  b.  Now 
this  continual  shifting  of  the  direction  of  the  short  aim  K  it 
necessarily  accompanied  by  an  equivalent  change  of  poaition 
in  the  paddle-hoard  to  which  it  is  attached  ;  and  the  position 
of  the  second  centre  p  is,  or  may  be,  so  adjusted  liui  thtt 
paddle-bonrd,  as  it  enters  the  water  and  emerges  from  it,  shall 
be  itucli  as  shall  be  most  advantageous  for  propelling  th« 
vessel,  and  therefore  attended  with  less  of  tliat  vihratioD 
which  arises  chiefly  from  the  alternate  depression  end  eleva- 
tion of  the  water,  owing  to  the  oblique  action  of  the  paddle 
boards. 

(025.)  In  the  year  183:^,  Mr.  Field,  of  the  tirm  of  Maudslaj 
and  Field,  constructed  a  paddle-wheelwith  fixed  paddle-boanU» 
but  each  board  being  dirided  into  so'cral  narrow  slips  ar- 
ranged one  a  little  behind  the  otlier,  as  represented  injl^. 
I^.  These  divided  hoards  he  proposed  to  arrange  in  sudi 
cycloidal  curves  that  they  must  all  enter  the  water  at  the 
same  place  in  immediate  succession,  avoiding  the  shock  pro- 
duced by  the  entrance  of  the  common  board.  These  split 
paddle-boards  are  as  eUicient  in  propelling  when  at  the  lowest 
point  as  the  common  paddle-boards,  and  when  they  erorrge 
the  water  escapes  simultaneously  from  each  narrow  boud, 
and  is  not  tlirown  up,  as  is  the  cose  with  common  pidfln 
boards.  • 

*  A  patait  WM  mibMqticnilj  taken  oat  for  rhcsc  by  Mr.  OaIlowa7. 
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The  theorctic&l  effect  of  this  wheel  is  tlie  same  as  tliat  of 
the  common  wheel,   and    experieiicc   alone,    the   result    of 


which  has  not  yet  been  obtamed,  can  prove  its  efficiency. 
The  number  of  bars,  or  separate  parts  into  which  each 
paddiL'-buurd  is  divided,  has  been  very  various.  When 
first  introduced  by  Mr.  Galloway  each  board  was  divided 
into  six  or  seven  parts :  this  was  subsi^quuntly  reduced, 
and  in  the  more  recent  wheels  of  this  form  constructed 
for  the  government  vessels  tlie  paddle-boards  consist  only 
of  two  parts,  coming  as  near  to  the  common  wlieel  as  is 
possible,  without  altogellier  abanduiung  the  principle  of  the 
split  paddle. 

(;226.)  To  obtain  an  approximate  estimate  of  the  extent 
to  which  steam-power  is  applicable  to  long  sen-voyages^  it 
would  be  necessary  to  investigate  the  mutual  rc-laUon  which, 
in  the  existing  state  of  this  application  of  steam-power, 
esdstfl  between  the  capacity  or  tonnage  of  tho  vessel,  the 
magnitude,  weight,  and  power,  of  the  machinery,  the  avail- 
able stowage  for  fuel,  and  the  average  speed  attainable  in  ail 


FidJ  dill  not  persevere  in  Its  uic  at  the  time  be  iorentad  R.  It  hai^ 
however,  been  more  generally  adopted  sioce  the  date  of  Galloway's 
[Mttcnt. 
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weathers,  us  woll  hs  the  general  purpuses  to  wliich  the  tmbcI 
is  to  be  appropriated,  whether  for  the  tmiwtport  of  good*  or 
uierchandisc,  ur  merely  for  despatches  and  passcngnv,  or  foe 
both  of  these  combined,  lliat  portion  of  the  upaci^  of  the 
vessel  which  is  appropriated  to  tlic  moving  power  coiuUla  of 
the  space  occupied  by  the  machinerj-  and  the  fuel.  The 
distribution  of  it  between  these  muat  mainly  depend  on  the 
length  of  the  voyage  which  the  vessel  must  make  without 
recei%-ing  a  fresh  supply  of  coals.  If  the  trips  l»e  short,  and 
firequent  relays  of  fuel  can  be  obtained,  then  the  apaee 
allotted  to  the  machinery  may  bear  a  greater  proportion  to 
that  assigned  to  the  fuel ;  hut  in  proportion  tm  each  unin- 
terrupted stage  of  the  voyage  ib  increaaed,  a  greater  stock  of 
coals  will  be  necessary,  and  a  proportionally  lesa  space  left 
fur  tlie  machtnery.  Other  things  being  the  same,  therefore-, 
Bteani -vessels  intended  for  long  sea-voyages  must  be  le«i 
powerful  in  proportion  to  their  tonnage. 

It  will  be  apparent  that  every  improvement  which  takes 
place  in  the  application  of  llie  steaui-engine  to  nnvigition 
will  modify  uU  these  data  on  which  such  an  investigation 
must  depend.  Every  increased  efliciency  of  fuel,  fron 
whatever  cause  it  may  be  derived,  will  eitlier  increaae  the 
useful  tonnage  of  the  vessel,  ur  increase  the  length  of  the 
voyage  of  which  it  is  capable.  Various  improvements  have 
been  and  arc  still  in  progress,  by  which  tlu's  efliciencr  hw 
undergone  continual  augmentation,  and  voyages  may  now  be 
accomplished  with  moderate  economy  and  profit,  to  which  i 
few  years  since  marine  engines  could  not  be  applied  witk 
jHTinanent  advantage.  The  average  speed  of  stewn-TMMii 
has  also  undergone  a  gradual  increase  by  such  improrements. 
During  the  four  years  ending  June,  1834,  it  was  found  thai 
tlie  average  rate  of  steaming  obtained  from  fifty-one  Tojay 
made  by  the  Admiralty  steamers  between  Falmouth  apd 
Corfu,  exclusive  of  stoppages,  was  seven  miles  and  a  quarter 
an  hour  direct  distance  between  port  and  port.  The  vcwdi 
which  performed  this  voyage  varied  from  350  to  700  toni 
measured  burden,  and  were  provided  witli  engines  varring 
from  100  to  300  horse-power,  witli  stowage  for  coala  rairiog 
from  80  to  240  tons.     The  proportion  of  the  power  to  the 


varied  from  une  iiorse  to  Uuw  loiu  to  one  liorae  to 
Tour  tons.  Thus  the  Mf.s.sbnger  had  a  power  ui'20O  hursev 
and  measured  I'AO  tons ;  the  Flameh  had  a  power  of  1 20 
horses,  aud  measured  500  tons;  the  Colvubia  had  a  power 
of  120  horses,  and  measured  ^00  tons.  In  general  it  may 
be  assumed  that  fur  the  shortest  cla«s  of  trips,  such  as  those 
uf  the  Channel  ttieuniers,  the  proportion  of  the  ]>ower  to  the 
tonnage  should  be  about  uue  horse  for  every  two  tons ;  but 
for  the  longer  class  of  voyage*,  tlie  proptjrtiun  of  power  to 
tonnaf^e  should  be  about  oue  horse-power  to  from  three  to 
four  toils  measured  tonnage.  These  data,  however,  must  be 
reeeived  as  verj-  rough  approximations,  subject  to  consider- 
uble  niodilications  in  tiicir  application  to  particular  vessels. 
We  have  alieady  stated  that  the  noniiiuU  liorse-power  Is 
itj»eli' extremely  indetinite;  and  if,  as  i.s  now  customary  in 
tlte  longer  cUtes  of  voyages,  the  steam  be  worked  expan- 
sively, Uien  the  nominal  power  almost  ceases  to  have  any 
definite  relation  to  the  actual  performance  of  the  vessel. 
It  is  usual  to  calculate  the  horse-power  by  assuming  u  uni- 
form pressure  of  steam  upon  iJie  piston,  and,  consequently, 
by  excluding  the  consideration  of  the  effect  of  expJinsion, 
The  most  certain  lest  of  the  amount  of  mecliiuiical  power 
exerted  by  the  machinery  would  be  obtained  from  the  ijuui- 
tity  of  water  actually  trnn^n-iitted  in  the  form  »)f  steam  fmni 
the  boiler  to  the  cylinder.  But  the  etfect  of  this  would  ni«o 
bo  influenced  by  the  extent  to  which  the  exi>iui8ive  principle 
has  been  Inuiight  into  operation- 

From  the  reported  performance:,  of  tlu-  huger  claas  uf 
steam-shi|js  within  the  laat  few  years,  it  would  appear  thai 
the  average-  speed  haji  been  increased  since  the  ej*tiinale 
above  mcnlioued,  wltich  was  obtained  in  18."*+;  an<l  un  com- 
paring the  consumption  uf  fuel  %vith  the  actual  perfonuancv, 
it  would  appear  that  the  eiliciency  of  fuel  has  ahiit  been  con- 
siderably augmented.  No  extensive  com'se  of  nccuratc 
vxiieriments  or  observations  have,  however,  Uvn  oblalncd 
from  which  correct  inferences  may  bo  drawn  of  llie  probable 
Umitji  to  wliich  steam-navigaiion,  in  its  present  slate,  ia 
capable  of  being  extended.  The  jealousy  of  rival  compmiie* 
boa  obstructed  the  inquiries  of  those  who,  iiolicilous  more 
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for  the  general  aclvaiiccmciit  wf  the  art  ihou  for  the  sm 
of  individual  enterprises,  liavc  directed  their  nllcnlion 
tUta  question;  and  it  is  liardl^  to  be  expected  that  snS' 
c'ienlly  correct  and  extensive  data  can  be  obtained  for  thi* 
purpose. 

(227.)  Increoiicd  facility  in  the  extension  and  appUcatios  of 
steutn-navigntion  i*  expected  to  ainse  from  the  sulMtiiution  of 
iron  for  wood,  in  the  cnnatruetion  of  vessels.  Hitherto  iron 
steamers  have  been  chiefly  con6ned  to  rivcr-na\'igation ;  bnl 
there  appears  no  aufiiciunt  reason  why  their  Uic  should  be 
thus  limited.  For  sea-voyages  they  offer  many  advmntagvs; 
they  ore  not  half  the  weight  of  vessels  of  equal  tonnage  con- 
structed of  wood ;  and,  consequently,  w^itb  the  same  tonaa^ 
they  will  have  less  draught  of  water,  and  therefore  leas  rcsict- 
ance  lo  the  propelling  power ;  or,  witli  the  sumc  drmnglit  of 
water  and  the  same  resistance,  they  will  carry  a  propcirtioa- 
ally  heavier  cargo.  The  nature  of  their  material  rmdrn 
them  more  stiff  and  unyielding  tlian  timber;  and  thry  do  noC  ' 
suffer  that  effect  which  is  called  hot/ff'tn^j  whicli  arises  from  « 
slight  alteration  which  takes  place  in  the  figure  of  a  timbor 
vessel  in  rolling,  accompanied  by  an  ulternate  opening  and 
closing  of  the  seams.  Iron  vessels  have  the  furtlier  odTmo- 
tage  of  Iwing  more  proof  against  fracliux;  upon  rocka.  If  a 
timber  vessel  strike,  a  plank  is  broken,  and  a  chasm  opened 
in  her  many  times  greater  than  the  point  of  rock  which  pn>» 
duces  the  concussion.  If  an  iron  vessel  strike,  ^he  will  either 
merely  receive  a  dinge,  or  be  pierced  by  a  hole  equnJ  in  mxt 
to  tlic  point  of  rock  which  she  encounters.  Some  c3E«mple> 
of  the  strength  of  iron  vessels  were  given  by  Mr.  Macgwyr 
Laird,  in  his  evidence  before  the  Conunittee  of  the  Qaaaatam 
on  Steam  Navigation,  among  which  the  foUowii^  lua^  be 
mentioned:  —  An  iron  vessel,  called  tlie  Albvrkah,  in  ooc 
of  their  ex|icrimental  trials  got  aground,  and  lay  upon  ker 
anchor :  in  a  wooden  vessel  the  anchor  would  probably  hara 
pierced  her  bottom;  in  this  rase,  however,  the  bottom  was 
only  dinged.  An  iron  vessel,  built  for  the  Irish  Inland  Navi- 
gation Company,  was  being  towed  across  Lough  Dcig  in  a 
gale  of  wind,  when  the  towing  rope  broke,  and  she  waa  drii 
Upon  rockjs^  on  wliich  she  bumped  fur  a  cotuddcT«bl« 


tfCON    VESSELS. 


48S 


without  any  injury.  A  wonden  vessel  would  in  this  case 
Iiavc  gone  to  pieces.  A  further  advantage  of  iron  vessels 
(which  in  wami  climates  is  deserving  uf  consideration)  is  their 
greater  coolness  and  perfect  freedom  from  vermin. 

Iron  steain-vt'sscls  on  a  very  large  scale  are  now  in  pre- 
paration in  the  ports  of  Livei-pool  and  Bristol,  intendi'd  for 
long  sea-voyages.  The  largest  vessel  of  tJiis  description 
which  has  yet  heen  projected  is  slatt'd  to  be  in  preparation 
for  the  voyage  between  Bristol  and  New  York,  by  the  com- 
pany who  have  established  the  steain-ship  called  the  Great 
Western,  pl>'ing  between  these  places. 

Several  projects  for  tlie  extension  of  stcaui- navigation  to 
voyages  of  considerable  length  have  lately  been  entertained 
both  by  the  public  and  by  the  legislature,  and  have;  imparted 
to  every  attempt  to  improve  steam-navigation  increased  in- 
terest. Aconunittceof  llie  House  of  Conunons  collected  evi- 
dence and  made  a  report  in  the  last  session  in  favour  of  an 
experiment  to  establish  a  line  of  steam-communication  be- 
tween Great  Britain  and  India.  Two  routes  have  been  sug- 
gested by  the  committee,  each  being  a  continuation  of  the 
line  of  Admiralty  steam -packets  alrea4ly  established  to  ^ftiUa 
and  the  Ionian  Isles.  One  of  the  routes  proposed  is  through 
Kgypt,  the  Red  Sea,  and  across  tlie  Indian  Oceui  to  Bombay, 
or  some  of  the  other  presidencies  ;  the  other  across  the  north 
part  of  Syria  to  the  banks  of  the  Euphrates,  by  that  river  to 
the  Persian  Gulf,  and  from  thence  to  Bombay.  l%acb  of 
these  routes  will  be  attended  with  peculiar  diUlculties,  and  in 
both  a  long  sea^voyage  will  be  cncomitered. 

In.  the  route  by  the  Red  Sea  it  is  proposed  to  establisJi 
steamers  between  Malta  and  Alexandria  (eight  hundred  and 
sixty  miles).  A  steamer  of  four  hmidrcd  tons"  burden  and 
one  himdred  horse-power  would  perform  this  voyage,  upon 
an  average  of  all  weathers  incident  to  the  situation,  in  from 
five  to  six  days,  consuming  ten  tons  of  coal  per  day.  But  it 
is  probable  that  it  might  be  found  more  advantageous  to 
establish  a  higher  ratio  between  the  power  and  tlie  tonnage. 
JTrom  .'Vlcxandria  the  transit  might  be  effected  by  land  across 
the  isthmus  to  Suez—  a  joiu-ney  of  from  four  to  five  days  — 
by  caravan  and  camels;  or  the  transit  miglit  be  made  eillier 
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by  land  or  water  from  Alexandria  to  Cairo,  a  dJHtaiice  of  one 
hundred  tuid  scvcuty-Uireu  luiluii ;  and  fruin  Cairo  to  Soeif 
ninety-three  miles,  across  the  desert,  Ju  about  five  days.  At 
Suuz  would  be  a  station  for  steamers,  aud  the  lied  S<«  would 
be  traversed  in  three  runs  or  more.  If  ne<x*ssary,  statiottt  for 
coala  might  be  established  at  Cosseir,  Judda,  Mocha,  and 
finally  at  Aden  or  at  Socatra  —  an  island  immediately  beyoftd 
the  moutli  of  the  Red  Sea,  in  the  ludian  Oeean  ;  the  run 
from  Suez  to  Coiiseir  would  be  tlu-ee  hundred  miltrs — Mimr- 
whttt  uiore  than  twice  the  distance  from  laverpool  to  Dublia. 
-From  Cosseir  to  Judda,  four  hundred  and  fifty  miln;  from 
Vuddu  to  Mochu,  live  hundred  and  seventeen  miles;  axul  from 
Mocha  to  Socatra,  six  hundred  aud  thirty-twu  miles.  Il  » 
evident  that  all  this  would,  without  tlifliculty,  in  the  mnt 
unfavourable  wi-alher,  fail  within  iht-  present  powers  of 
steam 'navigation.  If  the  terminus  of  the  passage  be  Bombay, 
the  nm  from  Socatia  to  Bombay  will  be  twelve-  liundrrd 
miles,  which  would  be  from  six  to  eight  days'  «ieamtBg. 
The  whole  passage  from  Alexandria  to  Bombay.  aUowi«( 
three  days  for  delay  between  Suez  and  Bombay,  would  ht 
twenty-six  days :  the  time  from  Bombay  to  Malta  wotiU 
tlierefore  be  about  tliirty-tlirec  days ;  and  adding  fouiteoi 
days  to  this  for  the  transit  from  Malta  t<i  Kii^dnnd,  wc  sboiJd 
have  a  total  of  forty-seven  days  from  London  to  Bombay,  oe 
about  seven  weeks. 

If  the  temuims  proposed  were  Calcutu,  the  course  froa 
Socatra  would  be  one  tiiousand  two  hundred  and  &tty  nahet 
south-east  to  the  Maldives,  where  a  station  for  eoals  woaM 
be  established.  This  distance  would  be  equal  tu  that  frum 
Socatra  to  Bombay.  From  ilie  Maldives,  a  run  of  four 
hundred  miles  would  reach  the  southeni  point  of  Ctyloa, 
called  the  Point  de  Qalle,  which  is  the  best  harbour  (BombaT 
excepted)  in  British  India :  from  the  Point  de  Galle,  a  no 
of  six  hundred  miles  will  reach  Madras,  and  from  Modnu  to 
Calcutta  would  be  a  run  of  al>out  six  hundred  milea,  "Htr 
voyage  from  London  to  Calcutta  would  be  jierforTucd  in  about 
sixty  days. 

At  a  certain  season  of  the  year  there  cxicts  a  {Kmerfol 
physical  opponent  to  the  traiiKit  from  India  to  Sues :  froift 
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the  niidcUc  of  June  until  t)ie  cud  of  September,  the  south> 
west  iDoiLsoon  Wows  with  unabated  force  across  the  liuUau 
Ocean,  and  more  particularly  between  Socatra  anil  Bombay. 
This  %Wnd  is  so  \'iolent  as  to  leave  it  boi-ely  possible  for  the 
most  powerful  steam-packet  to  maJve  head  against  it,  and  tlie 
voyage  could  not  be  accomplished  without  serious  wear  and 
tear  upon  tlie  vessels  duriu;;  the:>c  months. 

The  attention  of  parliament  has  therefore  been  directed  to 
another  line  of  communication,  not  liable  to  this  dlfliculty :  it 
is  proposed  to  establish  a  line  of  steamers  from  Bombay 
CbruuKh  the  Persian  Gull'  to  tlie  £uphrates. 

The  nm  from  Bombay  to  a  place  called  Muscat,  on  the 
southern  shore  of  the  j^nlf,  would  bo  ei^ht  hundred  and  forty 
miles  in  a  north-west  direction,  and  tliereforc  not  opposed  to 
the  south-west  iimnsoon.  From  Mu.scat  to  Bassidore,  a  point 
upon  the  northern  coast  of  the  strait  ut  tlie  mouth  of  the 
Porsian  Gulf,  would  be  a  run  of  two  hundred  and  fifty-five 
miles;  from  Bassidorc  to  Bushire,  another  point  on  the  east- 
ern coast  of  the  Persian  Gulf,  would  be  u  run  of  three  hun- 
dred miles ;  and  from  Bushire  to  the  mouth  of  the  Euphrates, 
would  be  one  hundred  and  twiiity  miles.  It  is  evident  that 
the  longest  of  these  runs  would  offer  no  more  difficulty  than 
the  passage  from  Malta  to  Alexandria.  From  Bu.ss{>ra,  near 
the  mouth  of  the  Euphrates,  to  Bir,  a  towii  upon  its  left 
bank  near  Aleppo,  would  be  one  thousand  one  hundred  ajid 
forty-three  miles,  throughout  which  there  are  no  physical  ob- 
stacles to  tlie  river-navigation  which  may  not  be  overcome. 
Some  dif^fifultics  arise  from  the  wild  and  savage  character  of 
the  tribes  who  occupy  its  banks.  It  is,  however,  thought 
that  by  proper  measures,  and  securing  the  co-tiperation  of  the 
pacha  of  Kgj'pt,  any  serious  obstruction  from  tliis  cause  may 
be  removed.  From  Bir,  by  Aleppo,  to  Scanderoon,  a  port 
upon  the  Mediterranean,  opposite  Cyprus,  is  a  land-jouniey, 
said  to  be  attended  with  some  difficulty,  but  not  of  great 
length ;  and  from  Scanderoon  to  Malta  Is  about  the  same 
distance  as  between  the  latter  place  and  Alexandria,  It  is 
calculated  that  the  time  from  London  to  Bombay  by  the 
Euphrates  —  supposing  the  passage  to  be  successfully  esta- 
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blishfd — would  Iw  ti  few  days  sliortcr  than  by  Egypt  and 
K«d  Sen. 

WfaiclieTer  of  these  counu's  may  be  adopted,  it  a  dear  thai 
the  diiticulties,  so  far  as  the  pow^s  of  the  steam  engine  «rr 
concerned,  lie  in  llie  one  ease  between  Socfttro  and  Bomboy, 
nr  between  Socatra  and  the  Maldives,  and  in  tlic  other  cam 
between  Bombay  and  Muscat.  T)iis»  however,  has  alm^ 
been  encountered  and  overcome  on  four  several  vtiyapea  by 
the  HmiH  Lindsay  steamer  from  Boml»ay  lo  Suez: 
vessel  eneountored  a  still  longer  run  on  these  several  trip*,  byj 
going,  not  to  Socatra,  but  to  Aden,  a  point  on  the  coitat 
Arabia,  near  the  Straits  of  Babel  Mondeb,  being  a  run  of  i 
thousand  six  hundred  and  forty-one  miles,  which  ah» 
formed  in  ten  days  and  nineteen  hour^.  The  sane  trip  hi 
since  been  repeatedly  made  by  other  steamcnn;  and,  in  thi 
present  improved  slate  of  steam  navigation,  no  insurmountahl 
obstacles  are  opposed  to  their  paasage. 
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AMERICAN    STEAM    NAVIGATION- 


ftTRAH  XAVIGATIAN  flRST  ESTABLISHED  tN  AMRRICA,  —  rlRrl'MSTANCKil 
WHICH  LSD  TO  IT.  —  FITCH  AND  HL'MSRY.  —  KTETESS  OP  HOBOKRN. 
—  LITINOSTONE   AND   FULTON.  —  EXPERIHENTS  ON  TUB  HKINE.  —  Fl'L- 

TOX's  FIRST  BOAT, TIIK  IIL'DaOK   >  AVUJaTED  BV  HTKAH. EXTBNStON 

AKn     IMPWOVEMt'NT    l>i'     Ktl'bH     NAVIUATIUN.  —  Kl'BEl*    OF    AMKHICAK 

STKAUKIl'^. DII'FF-RKM.'R   Ht:Tn  t^KN    TilFM   AMI  i:liROPF.AN  ^TKAMKIIS. 

SKl-nOINfi    AMERICAN   STKAHER*. AMERUIAN  PAI>niF.-lVHEEL8. — 

LAK8  8TEAlfER<(.  —  TIIS  MISSIS! PPI  ANn  ITS  TRIBUTARIES.  —  STEAMEHS 
NAVIGATINO  IT. —  THEtR  STRL'f TL'HE  AND  llACHlNCKr.  —  NEW  ORLEANS 
BARBOUR.  —  fiTBAM  TUBS, 

(228.)  The  credit  of  having  afforded  the  6rst  practical 
solution  of  the  problem  to  itpply  the  steam  engine  to  the 
propuUian  of  ships,  undoubtedly  belongs  to  the  people  of 
the  United  States  of  America.  The  geographical  character 
of  their  vast  countrj-,  not  less  than  the  sanguine  and  enter- 
prising spirit  of  the  nation,  contributed  to  tlus.  A  coast  of 
four  thousand  miles  in  extent,  stretching  from  the  Gulf  of  St. 
Lawrence  to  the  embouchures  of  the  Missisippi,  indented  and 
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serrated  in  every  part  with  natural  liarLoura  and  shrllrrtd 
bays,  and  fringed  with  I:<Iaiidti  fonuing  sounds  —  cii)wHt,  Attd 
promontories  enclosinjf  nnns  of  the  tea,  in  which  llie  water* 
arc  frt*  from  t!ie  roll  of  the  ocean,  and  take  the  pUrtd 
character  of  lakf^,  —  rivers  of  imposing  magnitude,  iwtri- 
gable  for  vessels  of  the  largest  class,  for  many  huudrrd*  and 
in  some  instances  for  many  tliounands  of  miles,  aflan&ig 
access  to  the  imierniost  population  of  an  empire,  who««  wm 
vaatly  exceeds  ilic  whole  European  continent, —  rhains  of 
lakes  composed  of  the  most  extensive  bodies  of  fmh  wairf 
in  the  known  world, -^and  this  extensive  continent  peopled 
by  races  carrying  with  them  the  habits  and  fcelingn  lofpethrt 
with  much  of  the  skill  and  knowledge  of  the  most  civilJitiH] 
parts  of  the  globe,  endowed  also  with  that  inextinguiahabk 
spirit  of  enterprise  which  ever  belongs  to  an  emigrant 
people,  —  form  a  comhinntion  of  circumstance*  nior**  tlian 
sufficient  to  uccount  for  the  fact  of  lliis  nation  unatchJiy 
from  England,  the  parent  of  the  steam  engine,  tlie  honour 
of  first  bringing  into  practical  operation  one  of  the  mart 
important  —  if  indeed  it  he  not  altogether  the  most  import- 
ant—of  the  many  applications  of  that  macluue  to  the  u»e« 
of  life. 

The  circumstances  which  rendered  these  extensive  tracts 
of  inland  and  coast  navigation  eminently  suiteil  to  the 
application  of  steam  power,  formed  so  many  obstructi< 
and  difficulties  to  the  applicntion  of  other  more  ordinary 
meanit  of  locomotion  on  water.  Tlie  sheltered  hays  and 
toundft  which  offered  a  smooth  and  undisturbed  surfarr  to 
the  action  of  the  infant  steamer  argiied  the  aluienee  of  that 
element  which  gave  effect  to  the  cails  and  rigging  of  llir 
wind-propelled  ship,  and  the  rapid  currents  of  the  gigantic 
streams  formed  by  the  drainage  of  this  great  continent, 
limugh  facilitating  access  to  the  coast,  rendered  the  ou 
powerlesa  in  the  ascent. 

(229.)  The  first  great  discover)*  of  Wntt  had  ncnt 
been  realized  in  practice  by  the  construction  of  the  sii 
acting  steam-engine,  when  the  speculative  and  enterprivtng 
Americans  concrj^ed  the  project  uf  applying  it  as  a  morii^ 
power  in  their  inland  navigation.     So  early  as  the  ye«r  178S 
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Fiich  and  Rumsey  made  attempts  to  apply  the  sinf;) exacting 
enpint"  to  the  prupulston  of  vessels,  and  their  failure  is  said 
to  have  arisen  more  from  the  inherent  defects  of  thai 
machine  in  reference  to  this  application  of  it,  than  from 
any  want  of  ingenuity  or  mechanical  skill  on  their  parts. 
In  1 79 1,  John  Stevens  of  Hobuken  commenced  his  ex- 
periments on  steam  navigation,  which  were  continued  for 
sixteen  years ;  during  a  part  of  this  pcriud  be  was  a^sted 
by  Livingstone  (who  was  subsequently  instrumental  in  ad- 
vancing tlie  views  of  Fulton),  and  by  Kooscvclt,  These 
projectors  had,  at  that  time  aUo,  the  assistance  and  advice 
of  Brunei,  since  »o  celebrated  for  tJic  invention  of  the  block 
machinery,  and  the  construction  of  the  Thames  Tunnel. 
Their  proceedings  were  interrupted  by  the  appointment  of 
Living!)tone  at  American  Minister  at  Paris,  under  the  Con- 
sular Gov<*mnicnt. 

At  Paris,  Li\ingstonc  met  Fulton,  who  had  been  previously 
engaged  in  similar  speculations,  and  being  struck  with  his 
mechanical  skill,  and  the  iuiuncbu'ss  of  liis  \'iews,  joined  bim 
in  causing  a  sftries  of  cx|)erimcnts  to  be  mad^,  which  were 
accordingly  carried  on  at  Plombieres,  and  subsequently  on  a 
still  more  extensive  scale  on  the  Seine,  near  Paris.  lla\ing 
by  tliis  course  of  experiments  obtained  proofs  of  the  effi- 
ciency of  Fulton's  projeeti,  sufficient  to  satisfy  the  mind  of 
Livingstone,  he  agrctcl  to  obtain  fur  Fulton  llie  funds  neces- 
sary to  construct  a  steam  boat  on  a  large  scale,  to  be  worked 
upon  the  Hudson.  It  was  decided,  in  order  to  gi\e  the  project 
the  best  chance  of  success,  to  obtain  the  machinery  from 
Bolton  and  Watt.  In  1803,  Fulton  accordingly  made  draw- 
ings of  the  engines  inteiidt'd  for  this  first  steauuT,  which  were 
sent  to  Soho,  with  an  order  for  their  construction.  Fulton, 
meanwhile,  repaired  to  America,  to  superintend  the  con- 
struction af  the  bout.  The  delays  incidental  to  these  pro- 
ceedings retarded  the  rompletion  of  the  boat  and  machinery 
until  the  year  1807,  when  oil  was  completed,  and  tlie  first 
successful  experiment  made  at  New  York.  The  vessel 
was  placed,  for  regular  work,  to  ply  between  New  York  and 
Albany,  in  the  beginning  of  1808;  and,  from  tluit  lime  to 
the  present,   this  river  has  been  the  theatre  of  the  most 
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remarkable  scries  of  expcriniLMit!}    on   Incomotinti   un  wstrr 
which  has  ever  been  prcitcDtcd  in  llie  butory  of  fmrtgatiao. 

(!230.)  The  form  and  arrangement  of  this  fint  ounM 
engine  was,  in  many  rciipccU,  ximilar  to  thnt  which  i«  still 
generally  used  for  marine  pur{>osc».  The  cold  water  cutrrn 
waa  abandoned,  and  an  increased  condensing  power  obtained 
by  enlarging  the  condenser.  It  was  usual  to  make  the  coo- 
denscr  half  the  diameter  of  the  cylinder,  a]id  half  itx  length, 
and  therefore  one  eighth  of  itti  capacity  The  condenser,  faon- 
e%'er,  was  now  made  of  the  same  diameter  aa  the  cylinder,  being 
still  half  its  length;  its  capacity  therefore,  instead  uf  being  only 
aji  eighth,  was  half  of  the  cylinder ;  the  condensing  jet  wat 
admitted  by  a  pipe  passing  through  the  bottom  of  the  veanL 
As  in  tlie  present  marine  engines,  two  working  beanu  wen 
provided,  one  at  either  side  of  the  cylinder;  but  in  order  (o 
provide  against  the  difficulties  wliich  might  arise  in  cb« 
adaptation  of  macluncry  made  at  Birmingham  to  a  rcael 
made  at  New  York,  beams  were  constructed  in  the  fonn  aS 
an  inverted  j^,  the  working  arms  being  twofold,  one  hori- 
zontal and  the  other  vertical,  so  that  the  connectxi^  rod 
might  be  carried  from  the  crank,  cillier  downward*,  to4bo 
end  of  the  horizontal  arm,  or  horizontally,  to  the  end  of  the 
vertical  ann.  In  fact  there  was  a  choice,  to  use  either  i 
straight  beam,  or  a  bell-crank.  The  latter  was  that  which  «■• 
adopted  in  this  iustafice.  The  paddle^aft,  driven  by  the 
crank,  passed  across  tlie  vessel,  and  had  tlie  paddle-whMis 
keyed  upon  it  as  at  present ;  and  in  order  to  eqiuUce  tht 
effect  of  the  engine  ^ur  wheels  were  also  placed  on  tlic 
paddh'-sliaft,  by  which  pinions  were  driven,  placed  upuA 
an  axle,  wliich  carried  a  fly-wheel. 

The  speed  attained  by  this  steam  boat,  when  it  first  begu 
to  ply  upon  the  river,  did  not  exceed  four  miles  an  hour,  but  bj 
a  scries  of  improvements  its  rate  of  motion  was  soon  incraaMd 
to  six  miles  an  hour.  In  the  steam  boats  subsequently  coa- 
structed  by  Fulton  a  greater  speed  was  attained ;  but  in  tbs 
latest  vessels  built  fay  him  he  did  not  exceed  a  ^)cvd  of 
nine  miles  an  hour,  which  he  considered  to  be  the  greatest  that 
could  be  advantageously  obtained. 

While  Fulton  wns  making  his  plans,  and  engaged  in  ibr 


STRAMERS    ON    tHK    HUDSON. 


491 


construction  of  his  first  boat,  Mr.  Stevens  of  Hoboken, 
already  mentioned,  was  engaged  in  «  like  project,  and  com- 
pltited  a  vessel,  to  be  propelled  by  a  ateani  engine,  within  a 
few  weeks  after  the  first  successful  voy.ige  of  Fulton. 
Stevens  was  likewise  completely  succpssful ;  hut  the  exclusive 
pri\-ilepre  of  navigating  the  Hudson  by  steam  Imvmg  been 
granted  to  Fulton  by  an  act  of  Congress,  Stevens  waa  com- 
pelled to  select  another  theatre  for  his  operations,  and  he 
accordingly  sent  his  steam  boat  by  sea  to  Philadelphia,  to 
navigate  the  Delaware,  thus  securing  for  himself  the  honour 
of  having  made  tlie  first  sea  voyage  by  steam. 

Fulton  did  not  long  retain  the  monopoly  of  the  steam 
navigation  of  the  Hudson.  Fortunately  for  the  progress  of 
steam  navigation,  the  act  conferring  upon  him  that  privilege 
was  declared  unconstitutional;  and  the  navigation  of  that 
noble  river  was  thrown  open  to  the  spirit  and  enterprise  of 
American  genius.  The  number  of  passengers  conveyed  upon 
it  became  enormous  beyond  all  precedent,  and  inducements 
of  the  strongest  kind  were  accordingly  held  out  to  the  improve- 
ment of  its  navigation.  The  distance  between  New  York  and 
Albany,  ascertained  by  a  late  survey  to  be  one  hundred  and 
twenty-fivegeographical  miles  by  water, had  been  performed  by 
Fulton's  boats  occasionally  iii  fifteen  or  sixteen  lioujs,  being  at 
the  rate  of  about  eight  miles  an  hour,  including  stoppages.  It 
became  a  great  object  to  increase  the  speed  of  this  trip,  so  that 
it  might  at  all  times  of  the  year  be  performed  betw^een  sunrise 
and  sunset.  Robert  L.  Stevens,  the  son  of  the  person  of  that 
name  already  mentioned,  immediately  after  the  abolition  of 
Fulton's  monopoly,  placed  on  the  river  a  vessel  which  had  been 
built  for  the  Delaware,  which  easily  performed  the  passage  in 
twelve  hours,  being  at  tlie  rate  of  nearly  ten  and  a  half  geogra- 
phical miles  an  hour.  By  this  increase  of  speed  the  improved 
boats  so  entirely  monopolised  the  day  work  upon  the  river,  tliat 
the  former  steamers  were  either  converted  into  steam  tugs 
to  draw  barges  laden  with  goods,  or  used  for  night  trips  be- 
tween New  York  and  Albany.  In  the  night  trips  the  saving 
of  one  or  two  hou)-s  was  immaterial,  it  being  sufficient  that 
the  vessel  which  Icfi  the  one  port  at  night  should  reach  the 
other  in  the  morning. 
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Ttie  river  IIikUoh  rises  near  Lnke  Champli\in,  the  cttivem* 
most  nf  tlic  great  chain  of  lakes  or  inland  seas  wlucb  extcitd 
from  oast  to  west  across  the  northern  boundary  of  the  Uniti-d 
States.  The  river  follows  nearW  a  straight  course  southvnuik 
for  two  hundred  and  fifty  mileH,  and  oniptiositself  into  tlieti* 
at  New  York.  Tlieinilucuccof  the  tide  is  felt  nsfar»  Albftiiy, 
above  which  the  stream  bepins  to  contract.  Although  thi*  riviT 
in  magnitude  and  extent  is  by  no  means  equal  to  several  uthrr» 
which  intersect  the  States,  it  is  ncvertheleis  rendered  in 
object  of  great  interest  by  reason  of  the  importMncc  and 
extent  of  its  trade.  The  produce  of  the  state  of  New  Ynrfc 
and  that  of  the  hanks  of  the  great  Lakes  Oiilurio  and  Erie 
are  transported  by  it  to  tho  capital ;  and  one  of  the  inosl 
extensive  und  populous  districts  of  the  United  StateM  i*  suf»* 
plied  with  the  necessary*  imports  by  its  waters.  A  \nTf(v  ftrri 
of  vessels  is  constantly  engaged  in  its  nangation;  nur  is  (he 
tardy  but  picturesque  sailing  vessel  us  yet  excluded  by  the 

more  rapid  atcaniers.     The  current  of  ihe  Hudacm  is  wud  to     

average  nearly  tltree  miles  an  hour  ;  but  as  the  ebb  and  ^O^^H 
of  the  tide  are  felt  as  far  as  Albany,  the  passage  of  ti^^ 
ateamers  between  that  place  and  New  York  may  be  reftordcd 
oa  equally  affected  by  currenta  in  both  directions,  or  nearly 
so.      The  passage   therefore,  whether  in  ascending  or  6r» 
scending  the  river,  is  made  nearly  in  the  same  time. 

(231.)  The  prevalence  of  smooth  water  navigation,  whether 
on  the  surfaces  of  rivers  or  in  sheltered  bays  and  sounds,  has 
invested  the  problem  of  steam  navigation  in  America  witb 
conditions  so  entirely  distinct  and  diflcrent  from  those  under 
which  the  same  prohlrni  presents  itself  to  the  Europcaa 
engineer,  that  any  comparison  of  the  performance  of  Tcoeli, 
whether  with  regard  to  speed  or  the  absorption  of  power  ut 
the  two  cases,  must  be  utterly  falhicious.  In  Europe  a 
steamer  is  almost  invariably  a  vessel  designed  to  encounter 
the  Agitated  surface  of  an  open  sea,  and  is  accordinglv  con- 
structed upcm  principles  nf  suitable  strength  and  stability.  It 
is  liken-ise  supplied  u-ith  rigging  and  willt  sails,  to  be  used  in 
aid  of  the  mechanical  power,  and  manned  and  commanded  by 
experienced  seamen  ;  in  fact,  it  is  a  combination  of  a  nautical 
and  mechanical   structure.      In  Americn,  on   the  other  hand, 


with  the  exception  of  the  vessels  which  na%-igate  the  great 
northern  lakL-Sf  the  steamers  are  slructurea  exclusively  me- 
chanical, being  deMigiied  for  smooth  water.  They  require  uo 
other  strcngtli  or  stability  tbau  that  whicli  is  suffieient  to 
enable  them  to  float  and  to  bear  a  progressive  motion  through 
the  water.  Their  mould  is  conceived  with  au  exclusive  view 
to  speed ;  they  are  therefore  slender  and  weak  in  their  build, 
of  great  length  in  proportion  to  their  width,  and  having  a 
very  small  draught  of  water.  In  fact,  tliey  approach  in  their 
form  to  that  of  a  Thames  wherry  on  a  very  large  scale. 

The  position  and  form  of  the  machinery  is  hkewiae 
affected  by  these  conditions.  Without  the  necessity  of  being 
protected  from  a  rough  sea,  it  is  placed  on  the  deck  in  on 
elevated  position.  The  cylinders  of  lai^  diameter  and 
short  »trokc  invariably  uatid  in  Europe  are  unknown  in 
Ainericu,  and  the  proportions  are  reversed,  a.  small  dia- 
meter and  stroke  of  great  length  being  invariably  adopted.  It 
is  rarely  that  two  engines  are  used.  A  slhglc  engine,  placed 
in  the  centre  of  the  deck,  with  a  cylinder  from  forty  to  sixty 
inches'  diameter,  and  from  eight  to  ten  foot  btroke,  drivea 
paddle-wheels  from  twenty-one  to  twenty-five  feet  in  dia^ 
meter,  producing  from  twenty-five  to  thirty  revolutions  per 
minute.  The  great  magnitude  of  the  paddle-wheels  and  the 
velocity  ini|>Hrtcd  to  them  eiiublc  tlicm  to  perform  the  ofhee 
of  tiy-wheela,  and  to  cany  the  engine  round  its  centres,  not 
however  without  a  perceptible  inequality  of  motion,  which 
gives  to  the  American  steamer  an  effect  like  that  of  a  row 
boat  advancing  by  starts  with  each  btroke  of  the  piston. 
The  length  of  stroke  adopted  in  these  engines  enables  them 
to  apply  with  great  effect  the  expansive  principle,  which  is 
almost  universally  used,  the  steam  being  generally  cut  oli'  at 
lialf  stroke. 

The  steamers*  which  naWgatc  the  Hudson  are  vessels  of 
msiderable  magnitude,  splendidly  fitted  up  for  the  accommo- 
dntion  of  passengers;  they  vai-y  trom  one  hmidred  and  eighty 
to  two  hundred  and  forty  feet  in  length,  nnd  from  twenty  to 
thirty  feet  in  width  of  beam,  in  the  following  table  is  given 
the  particuloi's  of  nine  steamers  plying  on  this  river,  taken  from 
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the  work  of  Mr.  Stevenson,  and  from  the  paper  of  N[r.  Raa* 
wick,  inserted  in  the  last  cditioa  of  Tredguld  : — 


i 


NafOMi. 


li 


;r.    £■ 


Dewit  (."linton 

Chaniploin  - 

Eric   - 

North  America 

Intlcpendeoce 

Albany 

Swalluw 

Kocliester  - 

Utica 


Ft.  I  Ft. 
230  28 
IKU  i7 
160  «7 
»00  30 
,  146  SO 
,812  S€ 
1*33  ,WS 
aoo  2.5 

200  i\ 


•  1245;  14 
3-75  S«  II) 
3-75  835  10 
3-A  jSd     1  ft-A 


None  of  these  vessels  have  either  masts  or  riggii^,  and 
consequently  never  derive  ajiy  propelling  power  except 
from  the  engines:  they  are  neither  manned  nor  commanded 
by  persona  having  any  kiioivledpc  of  na\igatiun :  tlic  worlu 
that  are  ^-isible  above  their  decks  are  the  bejim  and  fri 
of  the  engine,  and  the  chimneys. 

The  engines  used  for  steamers  on  the  Hudson,  and  other 
great  rivers  and  bays  on  the  eastern  coast  of  ^Vmerica,  are 
most  commoiUy  condensing  engines,  but  they  nevertheleat 
work  with  steam  of  veiy  high  pressure,  being  seldom  U 
tluin  iwentj--tive  pounds  per  si^uare  inch,  and  sometimes 
much  as  fifty.  By  reference  to  the  preceding  table  it  will 
be  seen,  that  the  velocity  of  the  piston  greatly  exceeds  the 
limit  geiicraUy  obscr\'ed  in  Europe.  It  is  customary  in 
European  marine  engines  to  limit  the  speed  of  the  piston  to 
about  two  hundred  and  twenty  feet  per  minute.  Even  the 
piston  of  a  locomotive  engine  does  not  much  exceed  the  rate 
of  three  hundred  feet  per  miuute.  In  the  American  steauierd 
however,  the  pistons  commonly  ninvc  at  the  rate  of  from  fil 
to  six  hundred  feet  per  minute,  while  tlic  circumference 
the  puddlc-wheets  are  driven  at  the  rate  of  from  twen^* 
twenty-two  miles  an  hour. 


le  nulls  ul   Cnese  boau  are   toi 
bottom  and  perpeudicuiar  sides,  rounded  at  the  angles,   a» 
represented  in  jig.  135.     At  the  how,  or  cutwater,  they  arc 


made  vcrj-  sharp,  and  the  deck  projects  to  a  great  distance 
over  the  sides.  The  weight  of  the  machinery  is  distributed 
over  an  extensive  surface  oC  liic  bottom  of  this  feeble  Rtmcture, 
by  means  of  a  frame-work  of  sul>stantial  carpentry  to  which 
it  is  attached. 

At  the  height  of  from  four  to  six  feet  above  the  watcr-Une 
is  placed  the  deck,  which  is  a  platfunu,  having  the  shape  of 
a  ver^'  elongated  ellipse.  The  extremities  of  its  longer  axis 
are  supported  by  the  stempost  and  the  cutwater,  and  its 
sides  expand  in  gentle  curves  on  either  hand  to  a  consider- 
able distance  beyond  the  liinita  of  the  hull ;  those  parts  of 
the  deck  thus  overhanging  the  water  are  called  tlie  wheel 
gtiards. 

Beneath  the  iirst  deck  is  the  saloon,  or  tlining-room, 
which  also,  as  is  usual  Lii  European  steamers,  forms  the 
gentlemen's  sleeping-room.  It  usually  extends  from  end 
to  end  of  the  vessel.  The  middle  of  the  first  deck  is  occupied 
by  the  engine,  boilers,  furnaces,  and  chimneys,  of  which,  latter 
ihere  are  generally  two.  Between  the  chimneys  and  the 
stem,  above  the  first  deck,  is  constructed  the  ladies*  cabin, 
which  is  covered  by  the  second  deck,  called  tlie  promenade 
deck.  The  great  length  of  these  boats  and  the  elevation  of 
the  cabins  render  it  impossible  for  a  steersman  at  the  stern 
to  see  ahead,  and  tlicy  are,  consequently,  steered  from  the 
bow ;  tlie  wheel  placed  there  communicating  with  the  helm 
at  the  stem,  by  chains  or  rods  carried  along  the  sides  of  the 
boat.  Until  a  recent  period,  the  wheel  was  connected  with 
the  stem  by  ropes,  but  some  fatal  accidents,  produced  by  fire, 
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iu  which  these  tojkh  were  burnt,  and  the  steersman  loit  mil 
power  to  guide  the  vessel,  caused  mclal  rods  ur  chains  to 
be  substituted. 

(^32.)  The  paddle-wheels  uJiiversatly  used  in  Awericftii 
stoaui-boats  art-  formed,  as  if  by  Uic  conibiiitilion  of  two  or 
more  common  paddle-wheels,  pUced  one  uut»ide  the  other,  «jn 
the  same  axle,  but  so  that  the  paddle  boards  of  each  may  lutv 

an  intermediate  position  be- 
tween   tliose   uf  the  adja- 
cent one,  aa  rrprciient«d  in 
./&/.  \m. 

'i'he  H|)okea,  which  an 
bolted  uy  cast-inm  Aangca, 
ore  of  wood.  Those  Itiinn, 
tu  which  iliey  arc  to  bohcd, 
arc  keyed  upon  th«  padilli 
sliaft.  I'he  outer  rxtrrmi- 
tics  of  the  spoke*  an*  at- 
tached to  circular  band*  «r 
hoops  of  iron,  sumHaidii^ 
the  wheel ;  and  the  padilk 
iKiards,  wliich  arc  fonncd 
of  h/ird  wood,  oiv  bolted  to  llie  spokes.  The  uhceU  thui. 
constructed,  sometimes  consist  of  tliree,  t^id  uut  un&c- 
quently  four,  independent  circles  of  paddle  boardi,  placed 
one  beside  tlic  other,  and  so  adjusted  in  their  position,  that 
the  boards  of  uo  two  divisions  shall  corrcsjwnd. 

The  great  magnitude  of  the  paddle-wheels,  and  the  ctrcum. 
stjiiice  of  the  navigation  being  carried  on,  fur  tlie  muitt  part, 
in  smooth  wator,  have  rendered  unnecessary',  in  Anirrica,  th< 
adoption  of  any  of  those  exjjcdients  for  ncutrulising  the  ef- 
fects of  the  oblique  action  of  the  paddles,  wliich  ha\*D  bct'H 
tried,  but  hitherto  with  so  Uttie  success,  in  Kuropc. 

('33.)  Sea-going  steamers  are  not  nmncrou*  in  America, 
the  chief  of  them  being  those  which  ply  between  New  York 
and  Pr«)videncr,  and  between  New  York  and  CbaricsloB. 
Thi'M."  vessels,  however,  do  not  resemble  the  K'A-going 
steamers  of  Europe  as  closely  aa  might  be  expected  t  nnd  to 
tliosc    who    are    accustomed    to    tlie    Ult«r,    the    aeipgoii^ 
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steaxncn  of  America  can  hardly  be  regarded  as  ttafe  means 
of  trmiaport. 

In  the   fnllowinj*  Table  is  jnven  the  dimensions  nf  five  of 
Cbcsc  vessels,  ull  plying  between  New  York  aud  Provldt-'iice : — 


Name 


Ft. 
Providrnce         -    180 
l-cxington  -j  HYi 

NarraguiiM:U      -^  SIO 
&LL%»uc>iUN(.-tts    -!   liOO 


Rbtxle  Inland 


1 


810 


1 


J 


'A 


Ft.     Fl.  '   (n. 

-    i    -       1 
9     SO     I 

II   I  30     I 

it  .   10  I  2B  .8 

M  1  11  I  30  ll 


12     d 
8     26 
60     81 


The  Narragansett,  the  finest  of  these  vessels,  ta  built  of 
oak,  strengthened  by  diaj(anal  straps  or  tics  of  iron,  by  which 
her  timbcnt  are  L-uniiected ;  she  is  driven  by  a  condensing 
engine,  aud  has  two  boilers,  exposing  about  three  thousand 
square  feet  of  surface  to  the  fire.  The  steam  is  maintained 
at  a  pressure  of  fioin  twenty  to  t^venty-five  lbs.  per  square 
inch  :  the  cylindiT  is  liorizontal. 

The  cabms  of  these  sea-boats  are  of  great  magnitude,  and 
oUbrd  excellent  accommodation  for  passengers,  containing 
generally  four  huiidred  berths.  In  the  Massachusetts  the 
chief  cabin  is  one  hundred  and  sixty  feet  long,  twciity*two 
feet  wide,  and  twelve  feet  in  height,  its  vast  extent  being  un- 
interrupted by  pillars  or  any  oUier  obstruction.  **  I  have 
dined,"  says  Mr.  Stevenson,  "  with  one  hundred  and  seventy- 
five  persons  in  this  cabin,  and,  notwithstanding  this  numerous 
assembly,  the  tables,  which  were  arranged  in  two  parallel  rows, 
extending  from  one  end  of  the  cabin  to  the  other,  were  far 
from  being  fully  occupied,  the  attendance  wiis  good,  mid 
every  thing  was  conducted  with  perfect  regularity  and  order. 
There  are  one  hundred  and  twelve  fixed  berths  ranged  round 
this  cabin,  and  one  hundred  temporary  lierths  can  be  erected 
in  the  middle  of  the  iloor:  besides  these  there  are  sixty 
fixed  berths  in  the  ladies'  cabin,  and  several  temporary  slecp- 

K  K 


408 


THE   STEAM    ENGINE. 


ing  places  can  be  erected  in  it  also.  The  cabin  of  tbe 
chusetts  is  by  nu  means  the  largest  in  the  United 
Some  Btcnmcrs  have  cabins  upwards  uf  one  hundred  and 
Bcventy-five  feet  in  length.  Those  large  saloons  arc  lighted 
by  Argand  lamps,  susfiended  from  the  ceiling,  oud  their 
appearance,  when  brilliantly  lighted  up  and  filled  with 
company,  is  very  remarkable.  The  panengcn  gmcral^ 
arrange  themselves  in  parties  at  the  numerous  small  tablca 
into  which  the  large  tables  are  converted  after  dinneTt  »ni 
engage  in  diflerent  amusementa.  The  scene  resembles  much 
more  the  coffee-room  of  some  great  hotel  than  the  cabin  ol  a 
floating  vessel." 

(S34.)  Nothing  lias  excited  more  surprise  among  cnginecn 
and  others  interested  in  t^team  naWgation  in  Europe,  than  the 
statements  which  have  been  so  generally  and  so  confidently 
made  of  the  speed  attained  by  American  slcfuners.  This 
astonishment  is  due  to  several  causes,  tlie  chief  of  vrhsch  !» 
the  omission  of  all  notice  of  the  great  difference  bctwctrn  tb» 
structure  and  operation  of  the  American  steamers  and  ibe 
nature  of  the  navigation  in  which  Uiey  are  engaged,  com- 
pared witli  the  structure  and  operation  of,  and  tbe  uavigatioo 
in  which  European  steamers  are  employed:  as  well  mi|^ 
the  perfommnco  of  n  lliames  wheny,  or  one  of  the  f)y-boatt 
on  the  northern  canaU,  be  compared  with  that  of  the  Great 
Western,  or  tlie  British  Queen.  The  statements  alluded  to 
all  liave  reference  to  steamers  navigating  the  Hudaon  be- 
tween New  York  and  Albany,  tlie  form  and  slrucLure  of 
which  we  have  already  described ;  and  doubtless  the  greMnt 
speed  ever  attained  on  the  surface  of  water  has  becai  exhi- 
bited in  the  passages  of  these  veasela. 

Mr.  Stcrenaon  states,  that  exclusive  of  the  time  )ott  fia 
stoppages,  the  voyage  between  New  Yorft  and  Albany  is 
usually  made  in  ten  hours.  Dr.  Renwick,  howercr,  who  ht* 
probably  more  pxtensivt*  opportunities  of  observation,  statcsi 
that  the  average  time,  exclusive  of  stoppages,  is  ten  faotin 
and  a  half.  The  distance  being  125-18  geographical  raUa*, 
the  average  rate  would  therefore  be  11^  miles  per  boor. 
If  it  be  obscr\'ed  tliat  iho  average  rate  of  some  of  the  bol 
sea-going   steamers   in    Europe    obtained  from  cxperiauotl 
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and  observations  made  by  myself,  more  than  three  years 
ago,  showed  a  rate  of  ateaming*  little  less  than  ten  geogra- 
phical miles  per  hour,  and  that  since  that  lime  considerable 
improveuicnts  in  steam  navigation  have  been  made,  and 
further,  that  these  performances  were  made  under  exposure 
to  all  the  disadvantages  of  an  open  sea,  the  difference  be- 
tween them  and  tlie  perfonnance  of  the  American  river 
steamers  will  cease  to  create  astonishment. 

Dr.  Renwick  states  that  he  made,  in  a  boat  called  the 
'*  New  Jfhiladelplila,"  one  of  the  most  remarkable  passages 
ever  perfonned.  He  left  New  York  at  five  in  the  afternoon, 
witli  tlic  first  of  the  flood,  and  lauded  at  Catskill,  distant 
95"8  geographical  miles  from  New  York,  at  a  quarter  before 
twelve.  Passengers  were  landed  and  taken  in  at  seven  inter- 
mediate points:  the  rate,  including  stoppages,  was  therefore 
It-2  miles  per  hour ;  and  if  half  un  hour  be  allowed  for  stop- 
pages, the  actual  average  rate  of  motion  would  be  fifteen 
miles  and  three  quarters  an  hour.  As  the  current,  which  iti  thia 
case  was  vnth  the  course  of  the  vessel,  did  not  exceed  three 
miles  and  a  half  an  hour,  the  absolute  velocity  tlirough  the 
water  would  have  been  somewhat  under  tw^elve  miles  an  hour. 
This  speed  is  nearly  the  same  as  the  speed  obtained  fi-om 
taking  the  average  time  of  the  voyages  between  New  York 
and  Albany  at  ten  hours  and  a  half ;  it  would  tlierefore  appear 
that  the  great  speed  attained  in  this  trip  must  have  been 
chiefly,  if  not  altogether,  owing  to  the  eliect  of  the  cunx'Ut. 

{235.)  The  steamers  which  navigate  the  great  northern 
lakes  differ  so  little  in  their  construction  and  appearance 
from  tlie  European  steam-boats,  that  it  will  not  be  necessary 
here  to  devote  any  considerable  space  to  an  account  of  them. 
These  vessels  were  introduced  on  the  lakes  at  about  tlie  same 
time  that  steamers  were  first  introduced  on  the  Clyde.  These 
steamers  are  strongly  built  vessels,  supplied  willi  sails  and 
rigging,  and  jjropelletl  by  powerful  engines.  The  largest 
in  1837,  when  Mr.  Stevenson  visited  tlie  States,  was  tho 
James  Madhon.  This  vessel  was  one  hundred  and  eighty-one 
feet  in  length  on  the  deck,  tliiity  feet  in  breadth  of  beam, 
and  twelve  feet  six  inches  in  depth  of  hold :  her  draught  of 
water  was  ten  feet,  and  her  measured  capacity  seven  hundred 
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tuna.  She  plycd  between  Bufialu  un  Lake  Erir  aiitl  Chtuigu 
un  Lake  Micliigan,  a  distance  of  nine  huotlred  uid  6ftv 
miles. 

The  severe  storms  aud  foruudablc  aca  cncountcrcrd  on  the 
lakes  rcuder  necessary  for  the  na\igation,  vessels  io  «U 
respecus  as  sirong  aiid  powerful  lus  (hu«e  wliich  navigate  the 
opeu  uccan. 

(iilMi.)  By  far  the  most  remarkable  and  important  of  all  the 
American  rivers  in  the  Mississippi  and  its  tributaries,  lliat  put 
of  the  American  continent  which  extends  from  the  aouthcm 
shores  of  tlie  great  northern  lakes  to  the  northern  shores  of  the 
Gulf  of  Mexico,  is  watered  by  these  great  streams.  The  nuun 
stream  of  the  Mississippi  has  its  fountains  m  the  met  of 
country  lying  north  of  tlie  Illinois  and  east  of  I^kc  ^(ii'higaii, 
in  latitude  forty-three  degrees.  At  about  latitude  thirty- 
nine  degrees,  a  little  north  of  St.  Louis,  it  recei^*ea  the  waten 
uf  the  Missouri,  and  further  south,  at  the  latitude  of  thirty- 
seven  degrees,  the  Ohio  flows  into  it,  after  travendng  fin 
degrees  of  longitude  and  four  of  latitude,  and  winding  its  wa; 
from  the  Alleghany  range  through  several  of  the  statea,  and. 
forming  a  iui\'iguble  communication  with  numerous  iuiportint 
towns  of  the  Union,  among  which  may  be  mentioned  Pitts- 
burg, Cincinnati,  Frankfort,  Lexington,  and  LouisviUc.  T^ 
nuun  stream  uf  the  Mississippi,  after  receiWng  the  wslm  of 
the  Arkansas,  and  numerous  other  minor  tributaries,  flows 
into  tlie  Gulf  of  Mexico  by  four  mouths.  The  main  stream 
of  the  Mississippi,  iude{>endentJy  of  its  tributaries,  fontta  an 
unbroken  course  of  inland  nangation  for  a  distance  of  neailjr 
two  thousand  tliree  hundred  miles.  Its  width,  through  a 
distance  uf  one  thousand  one  hundred  miles  from  its  mouth* 
is  nut  less  than  half  a  mile,  and  its  average  depth  a  hunibvd 
feet.  The  Ohio,  its  chief  eastern  tributary,  flowing  into  it  at 
a  distance  of  about  a  thousand  miles  from  its  mouth,  tnreisca 
also  about  tJie  same  extent  of  country,  and  is  mivigabk 
throughout  the  whole  of  that  extent.  This  river  ahn  ha> 
several  navigable  tributaries  of  considerable  extent,  among 
which  may  be  mentioned  the  Muskingum,  navi|:Bblc  for  our 
hundred  and  twenty  miles;  the  Miami,  navigable  for  acveiiiy* 
live  uiiteii ;  the  Scioto,  navigable  for  one  hundred  and  twenty 
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miles ;  the  Tennessee,  navigable  for  two  hundred  and  fifty 
milrs;  the  Cunilii-rlanil,  navigable  for  four  hundred  wid 
forty  miles;  tlic  Kentucky,  imvigahle  for  one  hundred  and 
thirty  miles ;  and  the  Green  River,  navigable  for  one  hundred 
and  Hfty  miles.  Tl)c  total  length  of  the  Ohio  and  its  tribu- 
:.tarieR  is  estimated  at  above  seven  thousand  miles. 

(237.)  Steam-boats  were  introduced  on  the  Mississippi 
al>out  the  year  1812,  the  period  of  tlieir  first  introduction  in 
Europe  ;  and  their  increase  has  been  rapid  beyond  all  prece- 
dent. In  the  year  1831  there  were  one  hundrcii  and  ninety- 
eight  steamers  plying  on  its  waters ;  and  the  number  in  1837 
amounted  to  nearly  four  hundred.  Tliese  vessels  arc  built 
cliiefly  on  the  banks  of  the  Ohio,  at  the  towns  of  Pittsburg 
and  Cincinnati,  at  distances  of  about  t^vo  thousand  miles  from 
the  mouth  of  the  river  they  are  intended  to  navigate. 

(238.)  These  steamers,  which  are  decidedly  inferior  to  those 
which  navigate  the  eastern  waters,  are  generally  of  a  hca\*y 
build,  fitted  to  carr}'  goods  as  well  as  passengers,  and  vary 
from  one  hundred  to  seven  hundred  tons  burthen.  Their 
draught  of  water  is  also  greater  than  tJiat  of  the  eastern 
river  fiteamers —  varj-ing  from  six  to  eight  feet.  The  hull,  at 
about  five  feet  from  the  water  line,  is  covered  with  a  deck, 
under  which  is  the  hold,  in  which  the  heavy  part  of  the  cargo 
is  stowed.  Alxjut  the  middle  of  this  deck  the  engines  are 
placed,  the  boilers  and  fiuniaces  occupying  a  space  nearer  to 
the  bow,  near  which  two  chimneys  are  placed.  The  fire- 
doors  of  the  furnaces  are  presented  towards  the  l»ow,  and 
exposed  so  as  to  increase  the  draught.  That  part  of  the  first 
deck  which  extends  from  the  machinery  to  tlie  stem  is  the 
place  allotted  to  the  crew  and  tin;  deck  passt-ngers,  and  !■ 
described  as  being  filthy  and  inconvenient  in  the  extreme.  A 
second  deck  is  constructed,  which  extends  from  the  chimneys 
near  the  bow  to  the  stern  of  the  vessel.  On  this  is  formed 
the  great  cabin  or  saloon,  which  extends  from  the  chimneys 
to  within  about  thirty  feet  of  the  stern,  where  it  is  dinded 
by  a  partition  from  the  ladies'  cabin,  wliich  occupies  the 
remaining  space.  These  principal  cabins  are  surrounded  by 
a  gallery  about  three  feet  in  width,  from  which,  at  convenient 
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places,  an  ascent  is  supplied  by  Kt&irs  to  the  lugbctt 
called  the  Iiiirricane  or  pronic-uadt:  deck. 

(Ji39.)  The  engines  by  which  these  honts  arc  propelled 
totally  diiTerent  from  the  umcliinery  already  described  aa  used 
in  tl»e  eastern  steanu-rx.  They  are  invnriably  non-condci 
cng^incs,  worked  by  stcnm  of  extremely  high  pressure ; 
boilers  arc  therefore  tubular,  and  llic  cylinders  onmll  in 
meter,  but  generally  having  a  long  stroke. 

The  pressure  of  steAm  used  in  these  machines  ia  such  as  is 
tiever  used  in  European  engines,  even  when  worked  on  nil* 
ways.  A  pressure  of  one  hundred  pounds  per  inch  it 
considered  extremely  moderate.  Tlie  captain  of  one  of 
boats,  plying  between  Pittsburg  and  St.  Louis,  tuld  Mr. 
Stevenson  titat  "  under  ordinazy  circunutfU>ce«  his  ufeM^ 
valves  were  loaded  with  a  pressure  ecjual  to  one  htmdred 
thirt>'-eight  pounds  per  square  inch,  but  that  the  steam  wms 
occasionally  raised  as  high  as  one  liundrcd  and  fifty  pounds 
enable  the  vessel  to  pass  jwirta  of  the  river  in  which  then  it. 
strung  current;"  and  he  added,  byway  of  contolation*  that 
'*  thiA  pressure  was  never  exceeded  except  on  «x/nK 
occtuioHs  !  " 

The  dimensions  and  power  of  the  Mississippi  steanien 
be  collected  from  those  of  the  St.  LouJSj  a  boat  wliicb 
plying  on  that  river  in  1837.  That  vessel  measurvnl 
hundred  and  fif^  feet  on  dcek,  and  had  twenty-eight  feet 
breadth  of  beam.  Her  draught  of  water  waa  eight  feet, 
her  measured  capacity  one  tliousand  tons.  She  WM  pT 
pellcd  by  two  cnginea  with  tliirty-inch  cylinders,  and  ten  feet 
fitn)ke ;  the  sidV'ly  valve  being  loaded  at  one  hundred  poi 
per  Mpiare  inch. 

'Ilie  padtUe  wheels  of  theae  Teisels  arc  attached  to  tha 
paddle  xhuft,  in  xuch  o  manner  as  to  be  thrown  into  and 
of  gear,  at  discretion,  by  the  engineer,  so  tliat  the 
shaft  may  revolve  witliout  dri\-ing  the  wheels ;  by  ihit  ei 
pedieni  the  jwwer  of  the  engine  is  used  to  feed  the  boilen 
while  tlu*  vessel  stops  at  the  several  stations.  The  veaacl 
therefore  stopped,  not,  as  is  usually  the  case,  by  stopping 
engines,  but  by  throuing  the  wheels  out  of  connection  with 
the  paddle  shaft.     The  engines  continue  to  work,  but  their 
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power  is  expended  in  forcing  water  into  the  bniler.  B5 
this  expedient  the  activity  of  the  engines  may,  within  prac- 
tical Uuiit3,  be  varied  with  tite  resistance  the  vessel  has  to 
encounter.  In  working  against  a  strong  current,  the  feed  may 
be  cut  off  from  the  l>oiler»,  and  the  production  of  steam,  and 
consequently  the  power  of  tlie  engines,  thereby  stimulated, 
while  this  suspension  of  the  feed  may  be  compensated  at  tlie 

xt  station. 

The  stoppages  to  take  in  goods  and  passengers,  and  for 
relays  of  fuel,  are  frequent.  "  The  liberty  wliich  they  take 
with  tbeir  vessels  on  these  occasions,"  says  Mx.  Stevenson, 
"  is  somewhat  amusing :  I  had  a  good  example  of  this  on 
board  a  large  vessel,  called  the  Ontario.  She  was  steered 
close  in  shore  amongst  stones  and  stumps  of  trees,  where  she 
lay  for  some  hours  to  take  in  goods :  the  additional  weight 
increased  her  draught  of  water,  and  caused  her  to  heel  a 
deal  i  and  when  her  engines  were  put  in  motion,  she 
actually  cratvled  into  tlie  deep  water  on  her  paddle  wheels : 
the  steam  had  bceu  got  up  to  an  enormous  pressure  to  en- 

le  her  to  get  off,  and  the  volume  of  steam  discharged  from 
the  escapement  pipe  at  every  half  stroke  of  the  piston  made 
a  sharp  sound  almost  like  the  discharge  of  fire-arms,  while 

ery  timber  in  the  vessel  seemed  to  tremble,  and  the  whole 
structure  actually  groaned  under  the  shocks." 

Besides  the  steamers  used  for  the  navigation  of  the  Mis- 

ippi,  innumerable  steam  tugs  arc  consUmtly  employed  in 
towing  vessels  between  the  port  of  New  Orleans  and  the 
open  sea  of  Uie  Gulf  of  Mexico.  Before  the  invention  of 
steam  navigation,  this  southern  capital  of  the  United  States 
laboured  under  the  disadvantage  of  possessing  alnios-t  the 
only  bad  and  inconvenient  harbour  in  the  vast  range  of  coast 
by  which  the  country  is  bounded.  New  Orleans  lies  at  a  dis- 
tance of  about  one  hundred  miles  from  the  Gulf  of  Mexico. 
The  force  of  the  stream,  the  frequency  of  shoals,  and  x.hv  wind- 
ing course  of  the  channel  rendered  it  scarcL*ly  possible  for  a 
sailing  vessel  to  pass  between  the  port  and  the  sea  with  the 
same  wuid.  The  anchorage  was  everv"  where  bad,  and  great 
difficulty  and  risk  attended  the  mooring  of  large  vessels  to 

e  banks.     The  steam  engine  has,  however,  overcome  all 
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On  the  Reiation  between  the  TemperaturCt  Pressure,  and  Detuity 
of  ContmoH  Steatn. 

There  is  a  fixed  relation  between  the  temperature  and  preMure 
of  CDiDmon  Bteam,  \rhtch  has  not  yrt  been  ascertained  by  theory. 
Various  empirieal  funuula.'  have  been  proposed  to  expresii  it, 
derivc<l  from  tables  of  temperatures  and  corresponding  pressures 
which  have  been  founded  on  experiments  and  completed  by  inter- 
polation. 

The  followiog  formula,  proposed  by  M.  Biot,  represents  with 
great  aeeiiracy  the.  relation  between  the  temperature  and  pressure 
of  common  steam,  throughout  all  that  part  of  the  thermometrio 
•cale  to  which  experiments  have  been  extended. 

Let 

a  =  5-961 313S02.19 

log.  rt,  —T  ■82340688 193 
log.  A,  =    •0130973429,? 
log.  a,  =  0-711 1 0951837 
log.  6,  =  -00212510583 
The  relation  between  the  temperature  t  with  reference  to  the 
ocnti-sinml   thermometer,  and    the  pressure    p   in    millim^trefl  of 
mercury  at  the  temperature  of  meking  ice,  will  then  tje  exprewed 
by  the  follonring  formula: — 

lDg./;  =  o-a.A,»  +  '-fl,6,*'+'.  (1.) 

Fonuulaj  Imve,  however,  been  proposed^  which,  though  not 
applicable  to  the  whole  scale  of  temperatures,  are  more  manage- 
able in  their  practical  application  than  the  preceding. 

For  pressureH  Ies»  than  an  utmospliere,  Southern  proposed  the 
following  formula,  where  the  pressure  is  intended  to  be  expres»ied 
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in  poundf>  jht  <iqnBre  innh,  and  Uie  temperature  to  refBreaet  lo 
Fa>ireii limit's  ttiortiiotueter, — 

t  =  l.W-7256  \//>  -  0-(H948  -  51-3  _ 
The  folloning   forinula    was  proposed  by  Tredgold,   wIhjtb  p 
expreMes  the  pressure  id  inches  of  mercury:— 

Tfalit  was  aftcrwardu  modified  by  Mcllet,  and  repmenta  wt^ 
sufficient  accuracy  cxperimcnU  from  1  to  4-  atmovphrrcs.  LrC^ 
represent  pounds  per  iiquare  inch,  and  t  the  temperature  by  Fak> 
renheit'i  thermometer,—- 


^~  (^201-18  J 


)• 


} 


)• 


is.) 


t  =20M8  v';»-»03 
M.  de  Pambour  had  propoicd  the  folluwiog  formula,  al«o  apfA* 
cable  through  the  some  limits  of  the  scale;— 

/98;806+J\'' 
''  "  I    198-562    /  ^.  (i.) 

t  =  198-562  ^p  -  98-806 
MM.  Dulong  and  Arago   have   proposed   the   following  fonuuU 
for  all  pressurefl  between  4  and  50  atraosphen-s: — 
p  =  (0-2fJ793  +  CKW)67585  1/ 

^  »  147-961    V'p  -  39-&U 

It  wad  about  the  y<-ar  1801,  that  Dalton,  al  MoncbeMer.  asd 
Gay-LnssBc,  at  ParU,  iustituted  a  series  of  expeiimeoti  oa  geefimM 
bodies,  which  conducted  them  In  thn  discoviTv  nf  the  law  meft- 
tioocd  in  art.  (9t>.),  p.  171.  Tbr^e  philoAopbers  found  that  all  g;ases 
whatever,  and  all  vapours  raised  from  liquids  by  heat,  on  wrti  a* 
all  mixtures  of  gaaes  and  vapours,  are  mubjeet  to  the  mmw 
qtianiiti/  af  ejftatmion  br-tween  tlie  tcin|H-rature«  of  melting  k« 
and  lioiltng  wuter ;  and  by  experiments  mbsequrntjy  mode  by 
Dutoiig  and  Putit,  this  uniformity  of  eJipansioD  has  been  proved 
to  extend  to  all  teniperaturcs  which  eon  come  under  |ir»ctJed 
Inquiries. 

Dalton  found  that  1000  cubic  inches  of  air  at  the  trmpvr«tim 
of  melting  ice  diluted  to  1325  cubic  inches  if  rai»eil  tt>  thr  h-m* 
pernture  of  boiling  water.  Acpording  to  Guv-Lum^h-.  Uie  inetvosed 
volnmc  was  1375  cnbie  inches.  The  latter  dirtirrairwiion  ha»  be«-ii 
subvequently  found  to  be  the  more  correct  one.* 
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It  appears,  therefore,  that  for  an  iDcrt!a«ft  of  tetnprratare  from 
32°  to  212°,  niiKjuiiting  to  180^,  the  increase  of  volume  is  375 
parts  in  ICXIO;  and  since  the  expansion  is  uniform,  the  increase 
of  volurai*  for  1°  will  he  found  by  dividing  this  by  180,  which 
will  give  an  increase  of  4(t8J  parts  in  100,000  for  each  degree 
of  titc  common  tbenuonitter. 

To  reduce  the  expression  of  this  important  and  general  law  to 
mathematical  language,  let  i*  be  the  Tolume  of  an  elastic  tluiil  at 
the  temperature  of  melting  ice,  and  let  nr  b«  the  increane  which 
that  volume  would  receive  by  being  raised  one  degree  of  tem- 
perature under  tJie  sajne  pressure.  Let  V  be  it»  volume  at  tlie 
temperature  T.     Then  we  shall  have 

V=r  +  «r  (T-32)  =  r(l  +  7j  (T-32)}. 
If  V  be  its  volume  at  any  other  temperature  T',  and  under  the 
same  presoure,  we  shall  have,  in  like  manner, 

\'=v{l  +«(T'-32)}. 

Hence  wr  obtain 

V       i+„(T^s2) 
V'~l  +„(T'-32)'  ^    ■' 

which  expre«8es  the  relation  between  the  volumes  of  the  same  gas 
or  vapour  under  the  same  pressure  and  at  any  two  temperatures. 
The  co-elhcient  /J,  ai  explaiitcd  hi  the  te:^t,  has  tlio  same  value 
for  the  same  gas  or  vapour  throughout  the  whole  tliermumutric 
scale.  But  it  i.s  »till  more  rcmurkuble  that  thiii  constant  ha»  the 
same  value  for  all  gases  and  vapours.  It  is  a  number,  therefore, 
which  must  have  sornt'  eiiftential  relation  to  the  gaseous  or  elajitic 
stale  of  tluid  matter,  independent  of  the  peculiar  qualitieg  of  any 
particular  gas  or  vapour. 

The  vaiuii  of  n,  according  to  the  experiments  of  Gay-Lussac,  is 
OK)020a3,  or  ^i^. 

To  reduce  the  law  of  Mariotte,  explained  in  (97.)  p.  171.,  to 
mathematical  luiiguage,  let  V,  V  he  the  volumes  of  the  same  gas 
or  vapour  undir  diflercnt  pressures  P,  I",  but  at  the  same  tempera^ 
lure.     We  shall  then  have 

VP  =  V'l*'.  (7.) 

If  it  be  rpquired  to  determine  the  n;]ation  between  the  volumes 
of  the  same  gas  or  vapour,  under  a  change  of  both  temperature 
and  pressure,  let  V  be  the  volume  at  the  temperature  T  and  under 
the  [tresjiire  P,  and  let  V  be  the  volume  at  the  tcniperaturc  T' 
and  under  the  pressure  P'.  Let  v  be  the  volumv  al  the  tempera- 
ture T  and  under  tlie  pressure  P'. 

By  formula  (7.)  we  have 

VP  =  rP'; 


■  i^ 


508 


APPRNDIX. 


W 


and  by  formula  (6.)  we  have 

v;_  1  +  "  (T'  -  Sg) 
f   "   1  +  »  <T  -  32) 
Eliminatiag  v,  we  shall  obtain 

_V_P;     1  +n  (T-S2) 
V  '"  P  '  I  +  1  (T^-  Si)' 

VP        I  +  b'(T  -  Sg) 

which  is  the  general  relation  between  the  Tolume*.  preanire*.  tad 
temperatures  of  the  Dame  gas  or  vapour  id  two  diflvrctil  ttiite*. 

To  apply  thin  general  formula  to  the  ea«e  of  the  Tapoar 
watpf,  let  T'  =212°.  It  is  known  by  experlmrnt  that  th«? 
vponding  value  of  P', expressed  in  pounds  prrvriuarv  inch,  i«  JV706; 
and  that  V,  enpressefl  in  cubic  it)e)ie»,  the  water  evaporatrd  beim 
taken  aa  a  cubic  inch,  is  1700.  If,  then,  we  take  0*002063  w  tin 
value  of  rtt  we  nhall  have  by  (8.)i 

V»_nOO  X  U-706  X  f  1  +  0-002083 (T- 32) t 
1  +  0-0()20«3  X  ISO 
=  18163  11+0-002083  (T- 32)};      .  (ft) 

Ifi  by  means  of  this  formula  (9.).  and  any  of  the  fonuube  (I.X 
(2.),  (3,).  (+.),  (5.),  T  were  eliminated,  we  should  obtain  a  formate 
between  V  and  P,  which  would  enable  lu  to  compute  the  eDlargv 
meni  of  rolume  which  water  undprgoes  in  passing  into  eteMn 
under  any  proposed  pressure.  But  such  a  fonnuhi  would  not  hn 
Buitable  Tor  practical  computalioitfi.  By  the  formula-  (1.)  to  (S.)i 
a  table  of  pressures  and  corres)H>nding  temperatures  may  be  rom 
puted;  and  these  being  known,  the  formula  (9.)  will  be  augletot 
for  the  computation  of  the  corresponding  values  of  V,  or  tik» 
enlargement  of  volumr  which  wat«r  undorgoe*  in  paasing  into 
steam. 

In  the  following  tabl^.  the  temperatures  correapondtng  to  pft^ 
mires  from  I  to  240  lbs.  per  square  inch  are  givpn  by  computation 
from  the  formula?  (2.)  to  (5.},  and  the  volunu-«  of  »team  prodnoed 
by  an  unit  of  volumo  of  water  as  computed  from  the  formula  i 

The  racctiauiral  etfect  is  obtained  by  multiplying  the  preMure  I 
pounds  by  the  expansion  of  a  cubic  inch  of  water  in  paaaing  into 
steam  expressed  in  feet,  and  is  Uiercfore  the  number  of  pounds 
which  would  be  raised  one  foot  by  ihe  ovaporatiun  of  a  cubic  iadi_ 
of  wntPT  under  the  given  pnwiarr. 
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lu  the  absence  of  anjr  direct  tnctbod  of  deterraiDuig  the  general 
relation  hetirefn  the  pressure  and  volume  of  common  Bieaiu,  em- 
pirical formulae  expressing  it  have  been  proposed  by  different 
niathematiciaiu. 

The  late  Profewor  Navier  proposed  the  following:  —  Let  S 
exprcM  the  volome  of  steam  into  which  an  unit  of  volume  of  water 
is  converted  under  the  pressure  P,  this  pressure  being  expre-ssed  in 
kilogrammes  i>er  square  indtre.  Then  tjie  relation  between  S  and 
P  will  be 

where  a  =  1000,  b  =  009,  and  w  =  O-OOOOlS*. 
ThiA  fonnula*  however,  does  not  agree  with  experiment  at  pres- 
iures  less  than  an  atmosphere.     M.  de  I'ambour,  therefore,  pro- 
poACs  the  following  changcij  in  the  valuf^  of  ittfoo-cfficienti: — Let 
P  express  tlie  prcia«urt;  in  pounds  per  square  foot ;  and  let 

a  =  10000        b  ^  0-4227         m  =  0O0258, 
and  the  formula  will  be  accurate  for  all  pressures.     For  pressures 
above  two  atmospheres  tiic.  following  values  give  more  accuracy 
to  the  calculation ;  — 

o=  10000         6  =  1'>21         ra  =  00023. 
In  these  invetitigations   I   nhalt  adopt   the    following    modified 
formula.     The  symbols  S  and  P  retaining  their  signification,  wa 
shall  have 

*  +  P  (la) 

where 

0=3875969  6=164. 

These  values  of  a  and  b  will  be  sufficiently  accurate  for  practical 
purposes  for  all  pressures,  and  may  be  used  iu  reference  to  low- 
pressure  engines  of  every  form>  as  well  as  for  high-pressure  engines 
which  work  expansivtiy. 

When  the  pressure  is  not  less  than  SO  pounds  per  square  inchf 
the  following  values  of  n  and  b  will  be  more  accurate  :^ 
a  =43+7826  6  =  618. 


On  the  Expansive  Action  of  Steiwt. 

Tlic  investigation  of  the  effect  of  the  expansion  of  steam  which 
has  been  given  in  the  text,  is  Intended  to  convey  to  those  uho  are 
not  conversant  with  the  [miiciples  and  language  of  analysis,  some 
notion  of  the  nature  of  that  mechanical  effect  to  which  the  advan- 
tages attending  the  expansive  principle  are  due.  We  shall  now, 
however,  i-xplaio  Ihcst  etfects  more  accurately. 
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The  dynamical  effect  produced  bjr  uiy  mechuiical  afenl  k 
expressed  by  the  prixiact  of  the  reaUtwtoe  OTeraomv  aud  tlu 
space  tfaruugb  wliicli  that  reoUtancc  is  tnornl. 

Let  P  ^  the  pressure  of  &team  expressed  in  pound*  per  ftquw 
foot 
S  ^  tlie  number  of  cubic  feet  of  Kteom  of  that  prwarr 

pruduct'd  by  the  evaporation  of  a  cubic  foot  of  water- 
E  ^  the  mechanical  eflecl  produced  by  the  evaporatiooofi 
cubic  foot  of  water  cKprpi»ed  in  pounds  raised  oor  fool 
Then  we.  nhall  have  E  =  PS :  and  if  W  be  a  vnlumr  of  vattf 
evaporated  under  the  pressure  P,  Che  mechanical  effect  pirodaccii 
by  it  wilt  be  WPS. 
By  (10.)  we  have 

fiP  »  a  -  ftS. 

Hence,  for  the  mechanical  effect  of  a  cubic  foot  or  w«Mr  «v»- 
porated  under  tbe  pressure  P  ve  have 

E  =  a-ftS.  (II.) 

Let  a  cubic  foot  of  water  be  evaporated  under  tbe  preasure  V. 
and  let  it  produce  a  volume  uf  steam  S'  of  that  preMurc;.  L<'t  tlii« 
steam  afterwards  be  allowed  to  expand  to  the  increased  volume  S 
and  tbe  diminishetl  presnure  P;  aud  let  it  be  nu|uirrd  to  detrr- 
mine  the  mechanical  effect  produced  during  tbe  expansion  of  iW 
steam  frfim  the  volume  S'  to  the  volume  S. 

Let  E'  =:  the  mechanical  effect  pi-Mluced  by  tbe  evaporatioa  tt 
tbe  water  under  tbe  preesure  V  without  expaaikm. 
E^  ^  the  mechanical  effect  produced  daring  Uie 

of  the  steam. 

E    =s  tlie  mechanical  effect  which  wouhl  be  prodoced   by 
the  evaporation  under  the  prewure  P  without  cxfioaniiB. 
£  ^  the  total  mechanical  effect  produced  by  the  evapofft- 
tion  under  the  pressure  P'  and  subsequent  expansion. 

Thufl  we  have 

£  -  E'  +  E". 

Let  8  be  any  volume  of  the  steam  during  tbe  proeew  of  ei> 

pansion,p  tlie  corresponding  pressure,  aud  c"  tbe  mcclianloal  eftct 

produced  by  the  cxpausion  of  tbe  steam.     We  faava  then  by  (1Q») 

"       a. 


rff"  = 


futs 


--btU. 


Hence  by  integrating  we  obtain 

•"  =  a  log.  *  -  As  +  C ; 
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wfaicfa,  taken  betveeo  tbe  limits  s^  S'  and  <  ^  S,  becomes 
E"= 

But  by  (IJ.^  we  hare 


E"=aIog.4-6(S-S'>.  (12.) 


E'=a  -  bS', 

E  =  a-bSi 

•.'  E'  -  E  =  6  (S  -  S')  : 

VE'=alog.4-,-  E'-H  E; 

V  £==  E"  +  E'  =a  log.4  +  E.  (13.) 

o 


E=a(^\  +log.4)  -*S.  (H.) 


Or. 

S_ 
S' 
HeDce  it  appears  that  the  mechanical  eftect  of  a  cubic  foot  of 

water  evaporated  under  the  pressure  P  may  be  increased  by  the 

c 
quantity  a  log.  jp,  if  it  be  first  evaporated  under  the  greater  pres- 
sure P',  and  subsequently  expanded  to  the  lesser  pressure  P. 
The  logarithms  in  these  foraiulie  are  hyberbolic. 
To  apply  these  principles  to  the  actual  case  of  a  double  acting 
Bteam  engine. 

Let  L  ^  the  stroke  of  the  pimton  in  feet. 

A  ^  the  area  of  the  piston  in  square  feet. 
n  ^  the  number  of  strokes  of  the  piston  per  minute. 
*.'2»AL^  the  number  of  cubic  feet  of  space  through  which 
the  piston  moves  i)er  minute. 
Let  eLA  ^  the  clcarage,  or  the  space  between  the  steam  valve 
and  the  piston  at  each  end  of  the  stroke. 
V   The  volume  of  steam  admitted  through  the  steam  valve 
at  each  stroke  of  the  engine  will  be  2n  AL  (1  +  c). 
Let  V:=  the  mean  speed  of  the  pi:jton  in  feet  per  minute, 
V  2bL:=V. 

The  volume  of  steam  admitted  to  the  cylinder  per  minute  M-ill 
therefore  be  VA  (I  +  c),  the  part  of  it  employed  in  working  the 
piston  being  VA. 

Let  W=  the  water  in  cubic  feet  admitted  per  minute  in  the  form 
of  steam  through  the  steaiu  valve. 
S  =  the  number  of  cubic  feet  of  steam  produced  by  a  cubic 
foot  of  water. 

L  L 


ES 


6X4, 
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Heoce  we  shall  have 


WS  =  VA(1  +e)i 


Since  by  (10.)  we  have 


'•  =  i-»' 


P:= 


Wa 


-A. 


(15.) 


(»«■) 


VA(I  +r) 

Dy  vhicli  the  iirewure  of  »teani  in  the  cylinder  will  be  kturw^ 
when  the  efTectivc  evaporation,  the  diameter  of  the  cyliodcrt  uA 
speed  of  the  pisloii,  are  givvii. 

If  it  be  required  to  express  the  mechanical  efioct  produrwt  pv 
minute  by  the  action  of  ateam  on  the  piston,  it  i«  only  at  ct— ly 
to  multiply  the  prcuurc  on  the  lurfacc  of  the  piston  by  tho  ipar* 
per  niiuulL'  through  which  the  piston  moves.     Tbi»  will  gtv« 


VAP  =  W    — -VAfti 
I  +  c 


(17.) 


which  eipremes  the  whole  wechauical  effect  per  minute  in  pvnA 
raiftcd  one  foot. 

If  thu  steam  be  worked  eapatiMvdy,  let  it  be  cut  ofT  «ft«ri 
piston  has  moved  through  a  part  of  the  stroke  e&presaed  by  r. 

The  volume  of  ttteani  of  the  undimiuislied  prriaure  P* : 
per  minute  through  the  vaire  wouUl  then  be 

VA(e  +  r): 
and  the  ratio  of  this  volume   to  that  of  the  water  producing  il 
being  expressed  by  S'^  we  should  have 

The  final  volume  into  which  t)il»  steam  is  subsequently  exploded 
being  V  A  ( 1  +  r),  its  ratio  to  that  of  tiie  water  will  b« 

VA(1  +c) 

*  -       w      ■ 


The  prcMUK  P',  till  the  steam  is  cut  off;  will  be 
P--        ^'  L 

"^-VaTTTo 


(i«.) 


The  mechanical  effect  E'  produeed  per, minute  by  iIm  Mean  of 
full  pressure  will  be 

E'  =  P'AVe  =  —  -  A\b*  t  ~ 

e  +  c 

and  the  effect  E"  [x^r  miouta  produced  by  the  eupmrioa  of  tW 
steam  will  by  (V2-)  be 
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E"  =  Wd  log. 


bVA  (1  -4 


HeDce  Ihc  total  effect  per  minute  will  be 


E  =  W- 


e  -f-  c 


+  log, 


If  the  engine  work  n'itibout  «v[)ansion,  e  =  1 


1+c 


f>VA, 


6VA.       (19.) 


(20.) 


as  before ;  and  the  effect  per  mmutc  gained  hf  expansion  will 
tlierefore  be 

JS  ~  E' =^V.'a  i  — ^  +  log.i±f|;     (21.) 

which  therefore  represents  tlie  quantity  of  power  gained  by  tlw 
expansive  actloii,  wicli  a  givpii  evaporating  power. 

Ill  thejie  fonnulffi  the  total  eftV^et  of  the  steam  is  considered 
without  reference  tu  the  nature  of  the  reMstance^  which  it  has  to 
overcome. 

These  resistances  may  be  enumerated  as  follows  :  — 

1.  The  resistance  produced  by  the  load  which  the  engine  is  re- 

i|uired  to  move. 

2.  The  rejiislance  produced  by  the  vapour  which  remains  un- 
condensed  if  thi?  engine  be  a  condensing  engine,  or  of  the  at* 
mu.spheric  pressure  if  the  engine  do  nut  coiidcntie  the  steaut. 

3.  The  resistance  of  the  engine  and  its  machinery,  coitsii>tin|g 
of  the  friction  of  tlic  variuus  moving  parts,  the  resistances  of 
tlie  feed  pump,  the  cohl  waCc>r  putnp,  &c.  A  part  of  these 
resistances  ire  of  the  same  amount,  whether  the  engine  be 
loaded  or  not,  and  part  arc  increaitL-d,  in  some  proportion 
depending  on  the  load. 

\Vtien  the  engino  in  maintained  in  a  state  of  unifiinn  motion, 
the  sum  of  all  these  resistances  muiit  aUvayM  he  equal  to  (he  wliolu 
effect  produced  by  the  »team  on  the  piston.  The  power  ex- 
pended on  the  first  alone  is  the  useful  effrcL 

Let  U  =  the  pressure  per  »(]uarc  foot  of  the  piston  surface, 
which  bnlanCL-j  the  resistances  produced  by  the  load. 

mil  ^=  the  prcjuure  per  ftfjuarc  foot,  which  balanceti  that  part 
of  the  friction  of  the  engine  which  isi  proportional  tu  the  load. 

r  ^=  the  pressure  per  cijuarc  foot,  which  balances  the  sum  of  all 
those  restdtuTices  that  are  not  proportional  to  the  load. 

The  total  redistance,  therefore,  being  U  +  mH  •(-  r,  which, 
when  the  mean  motion  of  the  piston  is  uniform,  must  be  equal  to 
the   mean   pressure   on   tho  piston.     The  total  mechanical  effect 

L  L  Ji 
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raust  tliercForc  be  equal  to  the  total  resistance  multipliod   by  the 
space  through  which  that  rcMstance  is  driven.  Hence  «c  shall  have 

{  B  (I  +  »i)  +  r  )  VA  =  W«  (  -2-  +  log.  l±S\  -  VA*: 

le  f  e  u  +  f  J 

•/  RVA  (I  +  m)  =  Wo  I  -^  +  log.  i^  \  -  VA  (4  +  r). 
ie+e  e  +  ej 

For  brevity,  let 

l<r+c  "e  +  ej 

'.'  RVA  (1  +  »)  =  We'  -  VA  (A  +  r). 


By  flolviog  tbitf  fur  VA,  we  obtain 

VA=  We' 

^'^      It  (I  +"».)  +  6f  r' 

V  RVA  =  ^^'''« 


(sa.) 


(«-) 


R  (I  +  *»YT'l'  +  r 
Thia  quantity  RVA,  being  the  product  of  the  retiftaeee  RA. 
of  the  load  reduced  to  the  surface  of  the  piston,  niuti)}ilicd  by  the 
Bpacp  through  which  the  piston  i*  moved,  \t-ill  be  eqnol  to  ibt-  load 
it-nelf  multiplied  by  the  upace  Lbruugh  wliieh  it  is  moved.  TUi 
beiug,  in  fact,  the  useful  effect  of  the  engine*  let  it  be  cxpreaaed  by 
Ut  and  vre  shall  have 

^  -  R(l   +  m)  +i  +  r  <•**) 

Or  by  (22.), 

U  (1  +  w)  =  WV-VA  (6  -J  r>  (45.) 

The  value  of  tlie  useful  effect  ubiaJncd  from  tliesr  furroulie  viU 
be  expressed  in  pounds,  routed  one  foot  per  minute,  \V  being  the 
effective  evaporation  iu  cubic  feet  per  minute-,  A  the  area  of  iIm 
piston  in  wjuare  feel,  and  V  the  »pacc  per  minute  through  wfaicl  h 
is  niovfd,  in  feet- 

Since  I  reMiHtanee  aniouuUng  tu  35,000  pounds  moved  Uiraagli 
one  foot  per  tntnute  i^  called  one-hom  power,  it  it  e%-idrnt  tlttl 
the  hor»e  power  H  of  the  engine  ii  nothing  raorc  thau  the  uMcfal 
effect  per  minute  referred  to  a  larger  unit  of  weight  or  rentMaBC*; 
Uiat  ii*  to  3S,(XX)  pnund.1  instead  of  one  pound.  Hence  wc  thalD 
have 

"  ^  »3006'  ^'^^ 

Since  the  useful  effect  oxprcMed  in  (Si.)  and  (25.)  ts  that  doc  la 
a  number  of  cubic  feet  of  water*  expreued  by  W,  we  shall  obcain 
the  effect  due  to  one  cubic  foot  of  water,  by  dividing  U  by  W. 
If.  therrfure,  U'  be  the  effect  prmluced  by  the  rtfeeUve  evapuratioo 
of  a  cubic  foot  of  water,  we  «hall  have 
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\ 


V 


u 

w 


(27.) 


ir  the  quantity  nf  fuel  consume  I  per  minuto  h^c.  expreMcd  by  F, 
tilt  effect  proiluceci  by  the  unit  oi  fuel,  calleJ  the  dutv  of  the 
engine,  will,  for  like  reason,  be 


D 


U 


(28.) 


If  tlie  fuel 


lei  tM-  exprpssed  in  hundrodivciglita  of  coal,  tln'ii  D  will 
express  tin-  miiitber  of  puurid*'  weight  raised  one  foot  by  a  hun- 
dredvpight  of  eonl. 

Bv  solving  (2K)  and  (25. ]  for  \V,  we  obtain 

\V  =  y{V(l  +m)+VA(6  +  r)].  (SO.) 

By  eliminating  V,  by  (2f».),  we  shall  have 


n<r 


(31.) 


W=  — 133000  11(1  +  HO+VA(//  +  r)}.     (ft2.) 


■  The  evaporation  necessary  per  horse  poirer  per  minute  will  be 

■  found  by  putting  H  ^  1  in  th[;ae  furmulo!.* 

W  It  ve\i\  be  observed   [hat  the  qiianlilies  A  and  V,  the  area   of 

tlie  cylinder  and  the  speed  of  the  piston,  enter  nil  these  I'orinulfe 
an  factors  of  the  same  product.  Other  things,  therefore,  being  the 
■ante,  the  speed  of  the  plittori  will  be  always  inveraelv  aa  tlie 
area  of  the  cylinder.  In  fact,  VA  i*  the  volume  of  steam  per 
minute  employe<I  in  Mr..»rking  the  piston,  and  if  the  piston  be  io' 
creased  or  dtminiiKhed  in  magnitude,  its  speed  must  be  inversely 

•  Furniu1«  cquivBltnt  lu  some  of  tlm  prvcMling  arc  Ri*cn,  with  numerous 
oUicrs  \>y  M.  dc  Puabotir,  in  bis  'llicury  of  tlte  Slcjim  Engine.  Tlieih'  niatli*- 
tnatical  dctiila  contain  nothinj;  ren-  iii  principir,  liciii;;  merclr  the  applicnlion 
of  the  known  primnple*  of  pciiprnl  mccharic'  to  till*  pirCirulnr  mocliine. 
M.  fie  Vnminntr  ntiJrcU  iijt<^'**^  '''t'  incllxMlt  of  mlculaiing  tlip  |inu^licAl  dTvcts 
of  iitaoi  cnjfiiiea  pcncrany  adoptffl  by  eneinccra  in  this  country.  Tlivir 
catimatcH  of  tlie  low  of  jiowpr  by  friction,  imperfucl  t.-ondi:n«atioiL,  nnd  oihrr 
nii«r%  nrf)  nst  I  Itan-  -ilutt'ii  in  ih'n  voluinr,  vague,  ami  ran  Ik-  rcganlud 
ftt  b»t  u  very  roii);h  approximalioiik;  but.  mlijcci  to  ihir  rntrictiont  under 
wliicb  ilteir  methods  nf  calnilatioii  nrc  nlvnyi  npplirfl,  they  are  by  no  nifnru  ao 
dirfovlive  3.1  M.  dc  i'mubour  uippona.  lie  pruvn  wbjt  he  vonuden  to  be 
tbc-ir  iiuKCuracy,  by  applying  tlicm  in  r.i<vi  in  which  they  are  nercr  intended  lo 
bo  applied  l>y  Kn^liib  cngituTm.  'Ilioic  who  ilciirc  to  K-duc«  to  genvrul  nigo- 
btiticnl  fiirmubB  ihc  effects  of  diu  dilferent  kindi  of  >icam  enj;inct  will,  lioirvwr. 
And  the  volume  of  M.  dr  Pamboiir  t>rc'oi>sid<:ri>hlc  u*f. 
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va4ed  by  the  neci^vity  of  Ix^irig  slill  moved  throagli  tlie 
number  of  cubic  fet't  by  the  wime  %'olume  of  »ti<am. 

It  bos  been  already  stated  in  the  tcxU  that  no  salisfartory  cxpr- 
riiQcnts  have  ypt  been  made,  by  which  the  uumericnl  value  of 
the  tjuaiitiCy  r  can  be  exactly  known.  lo  cugioca  of  diffi-rent  ntag> 
nitudes  and  powetT,  this  rc(>i:«tanL-c  1>can  very  different  [iroportiaiit 
to  the  whole  power  of  the  machine.  In  general,  however,  the  btfgcr 
and  more  powerful  the  engine*  the  Icm  that  proportion  will  br. 

That  part  of  thU  reaiRtancR  which  arises  from  the  reaction  of 
the  unconilensed  vapour  on  the  piston  ia  very  viiriablr,  owtbg  lo 
the  mure  or  less  perfect  action  of  thn  condensing  appnralii*,  the 
velocity  of  the  pititon,  and  Uie  magnitude  'and  fonti  of  tlie  steam 
pa<«(iages.  M.  de  Panibour  statesj  that,  by  experiments  made  vitli  Xxf 
dicatoris  the  mean  amount  of  this  resistance  in  the  cylinder  isS^Bifc 
per  square  inch  more  than  in  the  condenser,  and  tliat  the  pnaaara 
in  tie  latter  being  usually  1)  lb.  per  square  inch,  the  menD  Mnoonl 
of  the  pre.^ure  of  the  condensed  vapour  in  the  C}'Iinder  is  aboal 
4  lbs.  per  square  inch.  Engineers,  however,  generally  consider  tht> 
eittiniate  to  be  above  the  truth  in  wt:ll<cvn»tructed  engioo*,  when 
ID  good  working  or<ler. 

In  condensing  low  pressure  engines  of  forty  horse  power  and 
upwards,  working  with  an  averse  load,  it  is  genemlly  con9id*ml 
timt  the  resistance  prmluccd  by  the  friction  of  the  machine  aad 
the  force  necessary  lo  work  the  pumps  may  be  taken  «t  abovt 
2  lbs.  per  square  inch  of  piston  surface. 

Thus  the  whole  resistance  represented  by  r  in  the  preoediog  for- 
mulffi,  OS  applied  to  the  larger  clu.^9  of  low  pressure  engines*  nsy 
be  considered  ok  being  under  G  lli».  per  square  inch,  or  864  Iba. 
per  square  foot,  of  the  piston.  It  is  neccswuy.  however,  lo  rvpairt. 
that  this  estimate  must  be  regarded  as  a  very  rough  approximatioD  i 
and  OS  representing  tlie  mean  value  of  a  quantity  subject  to  gml 
variation,  not  only  in  one  engine  compared  wiih  another,  but  evea 
in  the  same  engine  compared  witli  itself  at  different  times  oad 
different  states. 

In  the  same  class  of  engines,  the  magnitude  of  the  cleara^ 
generally  about  a  twentieth  port  of  the  capacity  of  the  rylinder,  •» 
that  r  =  O-O.'J. 

That  part  of  the  reni-^tancc  wliieh  is  proportional  to  the  load, 
and  on  which  the  value  of  m  in  the  preceding  furraulac  depends,  is 
stilt  more  variable,  and  de)>ends  50  much  on  the  form,  magnitnde» 
and  the  arrangement  of  its  part«,ihat  no  general  rule  can  brgiveo  for 
il9  value.     It  must,  in  fart,  be  delenained  in  vxtrf  particular 

In  the  practical  application  of  the  pn^ccding  fonuular  in  con* 
dciuing  engines  wc  shall  hut^e 
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0  =  3875969     A  =  164     e  =  0-05  ; 
^  =  3875969  {-^+ log.  ^-i;^]. 

In  engineH  which  work  ivttEimit  cotiHenABtion,  and  therefore  with 
high  pressure  steam,  vc  shall  have 

«  =  4347826      ft  =  618      c=0-05 


e'  «  4347826 


0O5 


+  Iog- 


1-Q5      1 

e  +  005 J  ' 


To  facilitate  computatioii,  tlic  values  of  c'  corresiionding  to  all 
values  of  gf  from  e  ^  '10  to  e=  *90,  are  given  in  tbc  following 
table :  — 


CuodcrtiltiK  E  [If  Inn 

N'mi-ccTiilmtiiiii 

CiiailprMlnjtKn- 

Nun  ■<v)(»Arntlii|t 

e 

K. 

tf.naii)^* '' ■ 

r 

gltlM  *■'. 

Fnginr*  #*. 

■10 

I0196S65 

11359039 

•51 

5965367 

G692708 

-11 

9955867 

11169008 

•53 

590S837 

6633565 

•12 

9793136 

10985344 

•53 

5843366 

6553535 

13 

96349S6 

10807S75 

'54 

5781693 

64  a;  553 

•H 

9483069 

J 0696364 

55 

5733034 

6418619 

■15 

9334319 

1O47O560 

56 

5663351 

6352693 

16 

9191351 

1 03 101 86 

•57 

5605359 

6S87745 

•17 

905283S 

I0I54978 

■58 

5548397 

6333749 

■18 

89]88!}5 

10004675 

•59 

5492064 

6130669 

•19 

87«9(M3 

9859014 

-60 

5436688 

6098478 

•20 

86fi3in) 

9717760 

■61 

5381969 

6037166 

•81 

8J409I8 

9580683 

•33 

53280G5 

5976699 

■33 

8433d'l2 

9447559 

•as 

5274896 

5H17057 

■9S 

8303913 

9318193 

•34 

5939444 

5958219 

•M 

8194770 

S 193395 

■65 

£170684 

5800159 

•as 

8085644 

9069984 

■S3 

5119605 

5742860 

-96 

7979393 

8950796 

■37 

5069166 

5SS6SO-1 

■ST 

7875870 

8834674 

•38 

5019410 

5630469 

•tt 

7774952 

8731468 

•39 

4970363 

5575340 

•a* 

7676514 

8311048 

•70 

4931 737 

5590894 

-90 

7580447 

8503364 

•71 

4873790 

5437131 

■SI 

7486640 

8398056 

■73 

4836434 

5414000 

'3fl 

7394990 

8895350 

-73 

4779648 

5331519 

^S3 

73054O7 

8194760 

■74 

4733417 

5909659 

•S4 

7217807 

8096496 

•75 

4687738 

5358408 

■35 

71 33097 

8000353 

•73 

4643569 

5207751 

*88 

7048S06 

7906249 

•77 

4557938 

5157676 

■37 

6936058 

7BI4100 

■78 

4553794 

510SI70 

•36 

66S5535 

773:)839 

•79 

45tOI55 

5059218 

•39 

6803730 

7635365 

•80 

4466999 

5010808 

40 

6729408 

7548343 

•SI 

443431? 

4963931 

■11 

66511.173 

7463560 

•82 

4363096 

4915569 

•43 

6579187 

73801S9 

•83 

4340333 

4838790 

•43 

6506174 

7998'i30 

■84 

4399010 

4683368 

■44 

643449 1 

7917833 

■85 

4K58l'jn 

4776.500 

•45 

6364099 

7138858 

86 

421765B 

4731113 

H6 

6394944 

706I 385 

■87 

4I776I3 

46S6I93 

•47 

633G969 

C9R5O50 

-83 

4137974 

4641738 

•48 

6160190 

C910136 

■89 

4098737 

4537713 

•49 

CO945I0 

6836450 

■90 

4059893 

4554140 

•50 

6039916 

6763993 
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^^H               In  cnginM  which  nork  without  expansion  we  have 

^1 

H                                       ''^iT-^' 

^J 

^^H              For  condensing  engines  without  expansion,  we  ihtll  then  Imt*^^^| 

^M                                           ^'-^^l^^'^-S69\399: 

(«.>^B 

^^H          and  for  non-condcnsiug  engines, 

1 

^^H                                                         I'D:! 

(»•)     1 

^^^1               As  the  dimiietL-rs  of  tlit;  cyliiidcri  of  cngiiit-*  arc 

genenHj  ea-     H 

^^^1           prc^^d  iti  iiiche»,  the  corresponding  areas  uf  the  piston*  cipnaK4      H 

^^H           ill  s<|iiArf  TtH^t  are  given  in  the  following  uble,  BO  that  tlir  valuaW     | 

^H 

A  may  be  readily  found :  — 

I 

^^m 

DlMM- 

Arc«- 

ttuo^  1        Arwi. 

tHou- 

Ana. 

DIM*- 

IM*. 

I 

H 

i«r. 

!er.     1 

•«r. 

Mr. 

J 

ImtAn. 

«,./«(, 

/sfAti. 

■VArt. 

ImtAn.      Sf.  fftt. 

tmt*t». 

Sf  A» 

^^^H 

10 

0  515 

« 

Ii-5fi5 

V6 

40-339 

194 

83 -Ma 

i^M 

^^^H 

11 

own 

4V 

13-095 

87 

41-988 

1315 

85191       ^^H 

^^^B 

IS 

0-785 

SO 

13-635 

89 

49-237 

196 

86490      ^^m 

^^^^1 

IS 

o-ws 

51 

14-186 

89 

43i(Oi 

127 

87-970     I^^H 

^^^H 

14 

1-069 

5-i 

14-748 

90 

44-179 

198 

w-Tm    H^H 

^^^H 

15          l-StfT 

S3 

15-3V1 

91 

45-166 

199 

90^65 

' 

^^^H 

16      ,      1  -396 

S4 

I5-WH 

M 

46164 

ISO 

n-171 

^^^H 

17 

1  -576 

55 

16-499 

93 

47'IT3 

131 

93*5»9 

^^^H 

IS 

1-767 

."in 

I7-I04 

94         48193 

139 

V5«M 

^^^H 

IS 

l-9fitf 

57 

l7-7til 

95         49-J24 

133 

96-479 

^^^H 

90 

S-1B9 

58 

|R-;!-|K 

;«    ,  Jo-art5 

134 

97-9U 

^^^H 

91 

9-405 

59 

lft-9K« 

97      1    51-318 

135 

90 -MS 

^^^H 

9fl 

9-640 

60 

19  635 

98      1    5f  38S 

136 

100-no 

^^^H 

9S 

9-885 

61 

90  395 

99         53  456 

137 

I09-Si« 

^^^H 

94 

3 -MS 

0:1 

SO  064? 

loo         54  54S 

I3S 

tOS-MS 

^^^H 

95 

3-409 

63 

fil  648 

101         55 -63a 

139 

105  •380 

^^^M 

9S 

9-667 

64 

a«  :!■«) 

109         56-745 

140 

106-901 

^^^B 

97 

3-976 

«5 

2:1 -014 

103        57-a«3 

141 

108-4S4 

^^^H 

98 

4-576 

66 

S3  758 

104        58-999 

149 

109*77 

^^^H 

99 

4-:!87 

C7 

S4  484 

105     1  60139 

143 

111 -559 
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The  practical  application  of  the  preceding  fortiiul»  will  be  eltowii 
by  tlic  fulluwing  examplts. 

EXAMPLES. 

1.  A  SG-itif/i  rtfiin/fcr  with  5^  fett  tfrake  is  sttpjtliett  hy  a  iMtler 
evnjtorating  fff'ecUvvlt/  GO  cubic  fert  nf  trwitcr  jter  Itotir,  and  the 
piston  makes  iiO  strokes  per  mimttf  trithout  expansion  ;  —  tchat 
is  the  /wtpcr  of  the  cnt/ine  irmi  the  pressure  of  tteaui  in  the 
tytintfer  ? 

Let  it  be  assuintKl  tliut  r=  (>  x  144-  =  Sfii  and  m  =  O-I.  Since 
Ihe  engine  i*  a  condtMising  cngiiir, wc  Iia^c/*  =164-  and  p'=^3691399' 
Br  the  Ibrmulie  {'25.)  and  ('M.)  wc  have 

\VV-VA(//  +  r) 

and  since  by  the  dala  we  have 

W  =  1       A  =  7-069      V=  2n L  =  +0  'I  55  -  2S0t 
the  Tonnula,  by  those  sub»titiitlon»,  becomes 

H  -  3r>91399-220  ^  IQgH  X  7-OG9 
~  331X)0  X   l-l  "' 

V  H  =  57G. 
Since  «  =  1,  tbe  pressure  P  of  Rteam  in  the  cylinder,  by  (IR.),  is 

We' 

^  -  VA     *• 


Thereforii 


v  =  ^^}^-m 


2210: 


]555'I8 

vhich  being  the  preiuurc  in  pouncU  per  square  foot,  Ibe  pressure 
piT  liijtiart  inch  will  he  15}  ll>^. 

2.  To  Jtnd  the  effective  evaporation  necestart/  to  produce  a  power 
of  80  horge.i  with  the  same  eni/ine.  Also,  Jtnd  Oie  pressure  of 
ateam  in  the  cyUndcr,  the  speed  of  (lie  piston  being  the  same. 

By  the  furinula  (32.),  wilb  tbe  above  substitutions  "c  have 
33000  X  80  X  l-l  +  220  X  7  069  X  1028 


W. 


=  1-22. 


3691399 

The  evaporating  poM^r  would  therefore  be  only  increased  22 
per  cent,  while  the  working  power  of  th^  engine  would  be  in- 
creased nearly  10  per  rent. 

The  pressure  P  in  the  cylinder  will  be  given,  by  (18.),  as  before, 
p^  1:22  X  369139?^  ,g,^, ^3 
1 555' IS 
which  it  equivalent  to  19  lbs.  ptr  square  inch. 


d^ 
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3.  If  Art*  MHAf  be  the  dia  meter  of  a  vyUMtttsr  to  vork  with  a  power 
of  a  hundred  fiorsfs,  supplied  by  a  t/otUr  crajx>rntiHfj  rffretieefy 
70  cul/ie  feet  of  water  per  hour,  the  mran  tpeed  of  the  piMtom 
being  240  feet  jyer  minute,  and  the  tteam  beinff  cut  off*  ai  half 
ttrohe  f  Aito,  what  wiU  be  the  fttU  prrsmrt  pf  tteam  on 
piston  y 

Takings  M  in  the  rormerexamplc*,  m^Ol^fr  =  164iUh1  rs8Gt» 
we  shall  have 

H=  100        W=1J        V=240. 
and  by  thi^  column  for  condeiiMng  engines,  ia  table,  p.  519*  we  liar* 
e'=  GO'^916,  where  e  =  0*50.     Making  theae  substituUonf  in 

\\f  =  3;«>00  H  (I   +  m)  +  VA  (A  +  r), 
we  shall  have 

1^  X  6029916  =  5300000  X  M  +  240  X  1028  x  A. 
Whence  wc  find 

A  =  13-8; 
and  by  the  table,  p.  520,  the  corresponding  diameter  of  the  cylinder 
will  be  50j  inches. 

If  P  be  the  full  preasure  of  the  elcaia,  we  «haU  bare*  by  ( 1S>X 

*^-  VA(e+r)     "• 
Making  in  this  the  proper  Aubatitutiona,  we  have 
_      U  X  3875969 


F^ 


-164  =  2316; 


240  X.  13-8  X  0-55 
which  being  in  pounds  per  square  fgot^  the  preasurc  per  tqaart 
inch  will  be  16{^  Iba. 
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Air,  duticity  of,  98-  M17  be  partially  expdied  from  a  vcsbvI  by  tlie 
application  of  heat,  44. 

Amirrica,  Btcam  navigation  fintt  established  in,  iS'J,  CirruniBtancei 
which  le<l  to  it,  48H.  Kitoh  and  Rumsey,  thrir  attempts  to  apply 
the  Hingtc- acting  engine  to  the  propiilsicn  of  vi-sscts,  4S3.  Sttvcns 
of  Iluhoken  commences  expcrimirnta  on  steam  navigation,  4'ft9- 
Experiments  of  Livingslonc  and  Fulton,  483.  Fulton's  ftrnt  boat, 
496.  The  lluJivon  naTig-ilt'tl  by  Pleam,  4,91.  KxTtnuioii  and  iin- 
provemem  of  river  navigation,  4*)^.  American  steamers,  4^)4.  Dif- 
ference between  them  and  ELiro|ieaii  stt-amiTs,  4y4.  Steamers  on 
the  lluclson,  'V;>4.  American  pail  die- wheels,  495.  Sea-going  Ame- 
rican tiU'aHKTF,  4y6.  speed  attained  by  American  steamers,  497. 
Lake  steamers,  4f)9.  The  Misaissippi  and  its  tributarJi-s,  4fl9. 
Steam-boats  navigating  it,  500.  Tbeir  filructnre  and  machinery, 
500.     New  Orleans  Harbour,  .103.     Staini  tugt,  .lOS. 

Almospberv,  38.    Weight  of,  3g. 

Atmnfipheric  atr,  mechanical  properties  of,  SH,     CorapoMtion  of,  253. 

Atmospheric  engini.-j  Thomas  N'cwcomen  the  reputed  inventor  of,  f>3. 
Dfsrription  of,  as  first  conslructwl  by  Neweomen,  fi?-  The  opera- 
tion of  considered,  fiy.  Not  unfrcqucntly  used  in  preference  to  the 
modern  steam  engine,  7--  Advantages  which  it  possessed  over  St- 
very's,  "iS.  Considerably  improved  by  Beighton,  "5.  John  Smeaton 
investigates  this  machine,  7^-  Brindley  nhiaiRs  a  patent  for  im- 
proTementi  in,  7I>-  Applied  by  Champion  of  Brixtol  to  raise  water, 
181.  Po»sefi«efl  but  limited  power  of  sdnptation  to  a  vnryiiig  load, 
151.  Expedient  to  remedy  this,  151.  Working-beam,  cylinder,  and 
piston  applied  to  by  Newcomen,  322. 

Atmospheric  pressure  rendered  available  as  a  merhanie  agent  by  Denis 
Papin,  .'38.  Means  of  measuring  the  force  of,  .Sy.  The  idea  of 
using  Dgainst  a  vacuum  or  partial  vacuum  la  work  a  piston  in  a  cylin- 
der, suggested  by  Otto  Guericke,  73. 


Barometer  gauge,  272. 

Barton's  piston,  S48. 

Beighton,  his  impro%'ement  of  the  atmospheric  engine,  75. 

Black,  Dr.,  his  doctrine  of  latent  beat,  i)6, 

Blaaco  de  fiaray,  his  contrivance  to  propel  vos«elB,  16.    The  contrivance 

of,  probably  iflentical  with  that  of  Hero,  17- 
Blinkensop,  his  locomotive  engine,  .'137- 
Blovfing-box,  4Sy. 

Blowing  out,  Seaward's  mctbod  of,  454. 
Blow-off  cocks,  43S. 
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Boiler,  forniB  of,  most  conveniciil,  ^5!>.  The  vi^gon  boUer  adoplitA' 
Walt,  S.'j.j.  Furnace,  25fj.  Method  of  ferding,  ^57.  Ccm\ 
of  gas  in  fiun,  iliO.  Mr.  M'iUii»n«'i  method  of  c(nisBini(i|t  the  ua< 
burned  gssm  which  eiLrAjie  from  the  grate,  and  Are  rkrric<l  tltnnigh 
the  fla«,  2l>0.  CunitructioD  of  grite  and  uh.ptt,  S(il.  Magrtiuide 
of  heating  surfai:^  of  boiler,  3(>2.  Cftparity  of,  muit  he  pn<partkM»<d 
to  tlie  quantity  of  water  to  be  cviporateil,  i6S.  M'atrr-tpacr  and 
steeni-G|tace  in  boiler,  S6.S.  Profiortioi)  of  irttrr-fjiacv  in  the  boUa, 
how  to  be  regulated,  SGi,  Poution  of  fluee,  SG*.  Method  of  Cpad- 
iiig,  26.5.  The  magnitude  of  the  ffcil  sliould  be  equal  lo  tlic  qou- 
titjr  of  water  evaporated,  2().'>.  DiSiireiit  methods  for  IndioitJog  dir 
level  of  the  water  in  the  boiler^  %(>(!.  Level  guagn,  SC)6.  Setf. 
reguUting  feeiler,  2()7>  Another  method  of  arranging,  'idit.  S^kkm 
gauge,  "iTO.  Thermometer  gauge,  i^?).  Barometer  gauge,  S7'2.  Tlw 
indicator  to  measure  the  mean  efficient  fom-of  the  I'iiton  inrctitcd  lij 
Watt,  274.  The  counter  contrived  by  Watt,  27K.  Safety  ralve,  27!», 
Furtblc  [dug*  u»eil  in  high  presiuie  boiler*.  380.  Self-rvgulatinir 
dam)>fr,  3S1.  Self. regulating  fumwe  inrentMl  by  Brunton,  ^6.1. 
Duty  of  a  boiler,  "iiH.  Boilers  of  locamolirc  engine*,  HJl.  Cod- 
Mraciioii  of  the  boiler  of  Ganiey'a  etram  nrriiigr,  4'2.S.  All  boBcn 
require  occasional  cleansing,  4S7-  Guriiey'v  methoil  of  rrnMrritif 
cruet  of  depo»ite<l  maitrr  in  boileni,  437-  The  boiler  of  Dr.  Church't 
engine  formed  of  copper,  43<f.  Boilers  in  marine  rnpincit,  -MP* 
EflVcu  of  sea-water  in,  4.')fl.  Remedies  for  them,  4i>l.  SuWtitukNi 
of  copper  for  in>n,  Mio.  Ex]Htlieut  of  coaling  boilert  with  fel^  §f- 
plied  by  Walt,  4liS. 

Booth,  Mr.,  his  report  on  locomotive  engines,  3€l. 

fiouUon  and  Watt's  experiments  on  the  hor«e  power  of  engines,  iS$. 

Bnncj,  Uiovanni,  hii  machine  for  propcUiiig  a  wheel  by  a  blui 
steam.  22. 

Brindley  (James)  obtains  a   patent  for  improvetnenu  io  atmos 
engine,  "Jit.    Undertook  to  erect  an  engine  at  NVwcastle-under-lL] 
7().     Diacouraged  by  the  olisuclci  thrown  in  hia  way,  7C 

Brougham.  Lord,  hii  sketch  of  Watt's  character,  SKS.    IiiacripllonJ 
the  pen  of,  on  M'atl'e  moimnieiit  in  M'estminster  Abbey,  SSO. 

BuBeis,  401. 


Cartwrif  ht's  engine  to  tuc  the  vapour  of  alcohol  to  woric  the  |u«t4m, 
Kis  pislen,  "HI. 

Cawley  and  Ncwcorocn  obtnin  a  patent  for  the  aunoijiheric 
6». 

Champion  applies  atmospheric  tngtne  to  raite  water,  161. 

Chapman,  Mossrs.,  ihctr  tocomotivr  engine,  ;{S7> 

C^hlorine  introduced  iu  bleaching  by  Watt,  -IIO. 

I'borch,  Dr.,  hia  sicam  engine,  489.    1'he  boiler  formed  of 
430. 

CoaU,  the  virluei  and  {mwers  which  steam  hat  cotiferred  ujion,  6. 
amount  of  labour   a   buslu:!  of  perfonna  by  nu-aua  of  the  stcmm  en- 
gine, compared  with  horse  power,  7>    Contiiiuenis  of,  252.    Prooew 
of  eomhtmtion,  i5'i. 
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Coal  mines,  ajtprebensioni  as  to  die  pouibiliiy  of  the  rxbausuon  of 

grouii<llc«B,  S. 
Cocks,  fricuon  on,  240. 
CockH  ami  ralves,  S27- 
C'ombiifition  of  gju  in  Una,  2f>0. 
Condensation  l»y  bijcctioii,  acdilcntal  discovery  of,  (i9. 
CondenMtioii  in  the  cylinder  incompatible  vrith  a  due  economy  of  fuel, 

120. 
Condensing  principle,  ctrciimitance  which  led  lo  Saverjr'a  discovery  of, 

47. 
ConiJensIng  pipe  in  Savory's  engine,  5i, 
CondfDung  out  of  the  cylinder,  ISO. 
Cundi-nsing  jei,  191. 
CotiicAl  steam  valves,  S^K. 

Conversion  of  ice  into  waier,  103.     Of  water  into  steam,  105. 
Copying  presa  invented  by  Watt,  S02. 
Corntab  system  of  uispection,  297> 
Cumish  engines,  improvement  of,  S()8.      Historical  detail  of  ibe  duty 

of,  2i)y. 
Cylinders,  Wilkinson's  machine   for  accurately  boring  the  insidca  of, 

D  vslvf,  230. 

Dalton  and   (iay.LusGac,   law  of,  relating   to  the  preasnre  of  elastic 

bodies,  1 7 1  • 
I>ixon,  Mr.     The  substitution  of  brass  for*  copper  tubn  in  locomotive 

engines  ascribed  to  liiin,  i^TO. 
Double  clack-valve,  228. 


Kccentric,  22.5.     Two  expedients  to  rcverae  tll«  position  of,  S79. 

Kffvct  of  un  engine,  283. 

ElaatLc  fluids.  The  law  accortliTig  to  which  the  prcEsure  of,  incrUMW 
vriti)  l)i(-ir  temperature,  discovered  by  Dalion  and  Guy-LusKar,  171. 

Evaporation  of  water  and  other  liquids,  physical  and  mechanical  prin- 
ciples connectetl  with,  97> 

Expatiiion  nf  common  ecif-am,  clfifcts  of,  173. 

Bxpansive  action  of  steam,  lo<).  Stated  by  Watt  in  a  teller  to  I>r. 
Small,  1.57.  lu  principle  explained,  1.'>R.  Mechanical  effect  result- 
ing from  it,  1(^1.  l'om|niteii  effect  of  cutting  off  steam  at  tliderent 
portions  of  the  stroke,  l(i2.  Involves  ihc  conditiun  of  a  variation  in 
the  itilensity  of  the  moving  power,  ifi.S.  KxpedientJi  fnr  ffjualising 
the  power,  U>4,  The  expani«ive  principle  in  the  engines  constructed 
by  Buullon  and  M'lilt,  liinileal,  Ifiri.  It«  more  extensive  ■|iplicatii>i 
in  the  Cornish  engines,  lf)5.  Methods  of  equalising,  174-  Descrip- 
tion of  Hortiblower's  engine  fur  this  pur]>(]M.-,  174. 

Expansive  principle,  application  of  in  marine  enginei,  466. 

Farey  on  ttie  steam  engine,  quotation  from,  retfltive  to  Sarery'i  engJDe, 

58.      His  evidence  before  ihe  House  of  Commons,  435. 
Field,  construction  of  his  iplit  paddle;  478. 
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Pilch  and  Rumsey,  their  Attempts  to  *p]>Iy  the  dngle.tcting  rnfiocto 

the  propuUion  of  vrueU,  4Si). 
Flaw,  posiiion  of,  2(>4. 
Fluids,  of  two  kinda,  '25.     Mectumical  propertio  of,  95.     EUitic.  £7. 

Experinicnlol  proof  that  ihvy  press  equally  in  all  ilirrctiom,  41, 
Fly-whct'I,  205. 

Four-way  cock,  S^ff.     Di«advantage«  of,  240. 
Fuel,  means  of  economuiinjf,  in  marine  furnaces,  463. 
Fulton  and   Livingstone,  tlieir  cxiierimeDts  in   alean  tiavigatum,  i6Qt 
Fulton's  fim  boai,  490. 

Fun)ace,  aelf- regulating,  invented  hy  Tlrunton,  S83. 
Fusible  plugs  uaed  in  ItigU-preaaure  boilem,  S80w 

Gallonny,  hh  paddle-wheel  deserlbetl,  476. 

Oas,  elasiicity  of,  99. 

Gay-Lussac  and  Dalton*  Uv  of,  relating  to  the  pntRire  of 

bodiei^  171. 
Governor,  adaptation  of,  SO})- 

Gradienu,  re#trictioui  on.  111.    DiBpositton  of,  should  be  nnifono,  415. 
Great  Wetiierii  Railway,  Dr.  Lftrdner's  cx{>eiimentc.  on,  408. 
Grilf,  proposals  to  drain  a  colliery  at,  mentioned  by  DeatfttilirrB,  64k 
Gurney'ii  nteam    caniage,   433.     ConBlruclion  of  Uie  hatlrr  of,  48S, 

His  method  of  removing  cruit  of  deposited  matter  in  boUen,  4A7. 

His  experiments  on  common  roads,  4iH. 

JIall,  his  Condensers  described,  45H. 

Haucock,  his  steam  carriage,   4:^6.     In  what  mantKr  ll  diflcra  from 

that  of  Gunwy,  4.S7. 
Harris,  Dr.,  mentiotii  Savery's  cDgine  io  hii  '*  Lexioon  Terimloam," 

5(i. 
Heat,  efFccM  of  upon  water,  ^<).     Waste  of  in  atmospheric  eaftlDe,  S^ 

An  examination  of  the  analogous  efT^cLs  protluced  by  the  ronlittnol 

appUcaiion  of,  to  water  in  the  liquid  state,  lUti.     lUdialiOD  of,  £^4. 
Heating  by  steam  brought  forward  by  M'alt,  303. 
*'  Hvcla,"  expcrimenU  vrilh  the,  4 1 2. 
Hero  of  Alexandria,  doscription  of  his  machine,  112. 
High  pressure  engines  desrrilMil,  Sil.     Oik*  of  the  eariii-«t  forms  of  iIm 

steam  engine,  .^22.     Obscurely  deocribed  in  the  '*  Century  of  Invm. 

tions,"  3^.     Conktnictioo  of  the  first,  by   Menrs.  Trevethidc  and 

Vivian,  324. 
Hookc  exposes  the  fallacy  of  Paptn's  project,  64> 
florae  carriages  compareil  with  steam,  4.S.?. 
Horse  power  of  steam  engines,  2ti8.      Smcaion's  esdmaUmi  of, 

Houltun  and  Watt's  ex|ierimentt  on.  '2SB. 
Howard's  description  of  his  marine  engine,  4()4. 
Hudson,  the,  navigated  by  Htoam,  4jfl. 
Hull,  Jonatlun,  his  appUcaiion  of  the  steam  engine  to  wacrr  wlwrlHf 

190. 
Humphrey.     His  marine  engine  described,  470. 
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Hutikiswn,  Mr.,  dealh  of,  3SQ. 
Hydcogen,  353. 

India,  steam  navigation  to,  ABU. 

IniUcator  iiiventeil  by  Walt,  Hi. 

JetFiej,  Lord ;  hii  iketch  of  the  chAract«r  of  Wall,  S 1 5. 

Kinneal,  deicriptton  of  Walt's  experimental  engine  at,  ISI, 


MunclieslL-r  Railway  in  1832,  357. 
Kxperimenls  on  tlie  tireat  Western 


Lake  atcaineni,  49<). 

Gardner's,  Dr.,  i-xpcriniL'nts  on  ih 
His  experiments  in  IS38,  iOG. 
Railway,  408. 

Lcupold's  engine,  description  of,  SSS. 

Livel  gauges,  9(J6. 

Linen,  machine  for  drying  by  steam,  inrented  by  Watt,  30S. 

Liverpool  and  ManchesttT  railroad,  cflects  of  the  introduction  of  steam 
transporL  on,  3'-i!(.  AVaiit  of  ex|>erJiMice  in  the  cons  miction  of  the 
enginet,  S^fJ.  Death  of  Mr.  MuFkisson,  S2g.  I'roceodtnpfs  of  the 
directors,  JJ42.  Premium  offered  by  ibem  for  the  best  L-nginc,  344. 
Experimental  trial,  344. 

Livingstone  and  Fulton,  experiments  of  in  steam  navigation,  489. 

Locomotive  engine,  history  of,  328.  Hlinkc-nsojrs  engine,  H37. 
Chapman's  enj^ine,  337.  Wallting  engiiK*^  337.  Mr.  Stephenson's 
engine  at  Kiilingworth,  33*}.  Defect  of,  .S41.  Description  of  the 
"Rocket,"  345.  The  •' Sanspnreil,"  347.  The  "Novelty,"  349. 
Superiority  of  ihe  "  llocket,"  iOiQ.  Subsequent  improvements  in  the 
locomotive  engine,  35'i.  Table,  showing  tlic  economy  of  fuel  gained 
by  subdividing  the  flue  into  tubes,  a.l*.  Engines  constructed  in  the 
form  of  the  "  Rocket  "  subjuct  to  two  principal  defects,  35\.  Theie 
defectii  remedifd,  S.'*.).  Improved  by  ihe  ailoptiovi  of  a  more 
contractetl  blast  pipe,  35G.  Dr.  Lardner'u  experimenia  in  1832, 
357-  Adoption  of  brass  tubes,  3fil.  Mr.  Reotb's  report,  Sfil. 
Detailed  description  of  the  most  improved  locomotive  engines,  3(J4. 
Subatilution  of  hriiss  far  copper  tubes  aecribed  to  Mr.  Dixon,  370. 
Mr.  Stephenson  constructed  the  driving  wheels  without  flanges,  385. 
Pressure  of  steam  in  the  boiler  liniiicd  by  two  Eafcty-valves,  40S. 
Duffers,  404.  Steam  whistle.  40I-.  Water  Uuk,  404.  I'ower  of 
locomotive  engines,  405.  Evaporation  of  boilers,  40fi.  Dr.  Lard- 
ncr's  cxpeiimt-nts  in  1838,  40fi.  KesiKfancf  to  railway  trains,  407. 
Dr.  Lardner's  experiments  oli  the  Urcat  Western  Railway,  408* 
Restriction  on  graJients,  41 1.  Kxperinivtit  with  the  "  Hccla,"  412. 
Diapoaition  of  gradients  should  be  uniform,  415.  Mi-thod  of  sur* 
mounting  gteop  inclinations,  41.?.  Steam  carriages  on  common  roads, 
419.  Difference  Ixtween  ateam  engines  on  railways  and  those  used 
to  propel  carringrs  on  turnpike  roads,  42!i!,  (iurncy'a  steam  carriage, 
433.  CoMslniction  of  the  bolter  of,  423.  Escape  of  steam  from  the 
engines  on  the  Liverpool  road,  4^8.  Blowing-box,  42}).  Separator, 
430.  DiCEculties  in  the  practical  working  of  B(eam  carriages  upon 
common  roads,  4.32.     Oumey's  experiments  on  common  roads,  432. 
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fVrjuiHce  Bgalnst  locomotive  engints  on  common  roult,  i'-i.  Sot 
more  dpstrucUvc  to  rowls  ilian  rsrrkgn  drawn  by  liorirt,  ♦33.  R*. 
port  of  the  committee  of  the  Ilouitc  of  ('ommnnt,  ^HS.  ^Otght  af 
s(e:im  cairisfses,  433.  Two  methotls  of  applying  locnmotiTct  Dpva 
common  rosiU,  iSi.  Hone  carriages  compared  with,  4S'i.  Kerry's 
eYidcDCC  before  ilu>  House  of  Comtaoiu,  435.  Kisk  of  accident  bma 
exploMon  extremely  xliglit,  -(-.f^.  HuncockV  Kteaiii  rarriagr,  4S6t  In 
what  manner  it  difli-ra  from  tliit  of  Cumcy,  4^7.  OfHc'a  MMn 
carrisge,  *38.  Ills  evidence  before  the  House  of  C.'mmoiK,  439. 
Dr.  Cbureh'K  ateam  engine,  iSQ.     The  boiler   of  formed  of  eopptf. 

Lunar  Society,  Boulton  and  Wau  leading  members  in,  909. 


Marine  engines,  form  and  arrangement  of,  441.  Difference  between 
marine  and  land  engines,  44S.  Engine-room,  arrangeiDent  of,  446, 
llotlerti  in,  44().  Effects  of  fiea-watcr  on  boilen,  4^'ifl.  Rernedirt 
fur  ihem,  451.  Blow-off  coclu,  458.  Indicator!  of  aaltneia,  452. 
deaward'it  indicator,  454  llis  methwl  of  blowing  out,  4.^4.  Method 
of  Maadslay  and  Field  to  preaerre  freihnevt  of  water  in  the  boiW, 
45fi.  Brine  pumps,  4.i7.  Tubular  rondeTiwrn  applied  by  Mr. 
Watt,  457-  Hall's  condenser*,  458.  !Sul)«titution  of  copp#r  for 
iron  boilers,  4l>l.  Procesa  of  tlokiiig.  4GS.  Marine  furnaces,  ^63. 
ICxpeilienl  of  coaling  boilers  with  fiKt  applied  by  V\'att,  iiiS.  Means 
of  economising  fuel,  403.  Descripliou  of  Howanl's  engine,  4('*. 
Application  of  the  expansive  principle  in  marine  mginet,  -iHH.  Itc» 
cent  improvements  of  MessfF.  Slaudstay  and  Kield,  4f>7>  HuRiphrry'a 
engine,  470.  Common  paddle-wberl,  472.  Defect  of,  474.  Fe*tltrr* 
ing  paddles.  474.  Galloway's  paddle-whedt  476.  Field'a  tfUt 
paihlle,  478.  Proportion  of  jiower  lo  tonnage,  480.  Inm  ilesa 
nasela,  483. 

Muiotte's  law  relating  to  pressure,  171. 

Mauilslay  and  Field,  their  method  to  preserve  the  requisite  fmliMfli  •( 
water  in  the  boiler,  45t>.  BritK  pumps,  4J7>  Kecent  improvtrocDti 
of  in  marine  engines,  466. 

Metallic  pistons,  ^44.  Cartwiiglit'a  engine,  345.  An  improved  foni. 
given  lo  by  Barton,  ^48. 

Mill  work,  Stewart's  appltcation  of  ihc  sle«m  engine  to,  1 8!^. 

M^ies,  (he  drainage  of,  M'ait  endeavours  to  bring  to  perfection  iht 
plication  of  the  steam  engine  10,  178. 

Mississippi  and  its  (ribuiatiet,  499.  Steam<boata  on>  500.  Tfadr 
structure  .ind  machinny,  50(>. 

Morlsnd,  Kir  Samuel,  ht»  application  of  steam  to  raise  water,  .^14. 

reputed  inventor  of  vercral  ingenious  conlrivam-c*.  Sv,  His  work 
in  French  upoti  the  raising  of  water,  35.  £xtrBCt  from  it,  dj. 
Evelyn's  acci>unt  of  his  visit  to,  SG, 

Murray's  slide-valve,  S^O- 

Ncwoomen,  Thomas,  the  reputed  inventor  of  the  ttmospherie  «i|[UMv' 
(ii.      His    acquainlanee   with    Dr.    Hooke,    62.       Aciiuainttd    with 
I'apin'a  writings,  64.     The  nieriu  of  bis  mpoe  ascribed  principally 
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to  its  niecluniscn  and  combinations,  73.  Obtains  with  Cawley  a 
pau-nt  for  the  atmospheric  engine,  fii.  Resuniw  the  old  method  of 
raising  water  from  mines  by  ordinary  pump«,  6ii.  The  means  pro- 
posed to  effect  thid,  (>(>.  First  conception  of  the  almofipheric  engine, 
06*.  I>e'»cription  of  his  construction  of  atmospheric  engine,  6'7. 
Suggestion  of  a  better  method  of  condensation  than  the  application 
of  cold  water  on  tlic  external  surfaces  of  the  cyUnJer,  ^i().  He  aban- 
dons the  externa]  cyHnder,  6Q.  Applied  the  working-bean))  cylinder, 
and  piston  to  Uie  uimuHpbcric  engine,  ^'■i'i. 

New  Orleans  Harbour,  £03. 

"  Novelty,"  description  of  tJie,  a  locomotive  engine,  S4jJ. 

Ogle,   his  steam  carriage,   438.     His  evidence  before  the  House  of 

Commons,  43<1. 
Otto  Goericke,  his  suggestion  relatiire  to  atmospheric  presttire,  7>^* 
Oxley  EDide  the  first  attempt  to  drive  water-wheeU  by  tbe  steam  en- 
gine, 18S. 

PaJiUe-wheel  described,  4'7'^>  l)t:fect  of,  474.  Feathering  padiHes, 
474.     (lalloway's  paddle-wheel,  47n.     Fit-Id's  sidit  paddle,  i'JH. 

Paddle-wheels  of  America))  steamers,  -jtd^. 

Papin,  Denis,  conceived  the  idea  of  rendering  atmospheric  prenare 
available  as  a  meclianical  agent,  SJ,  Description  of  his  contrivance, 
37-  His  discovery  of  contlcusatiou  of  steam,  4.5.  Quotation  from 
his  work  relative  to  this  discovery,  4.5.  Explanation  of  this  import- 
ant discovery,  46.  Discovers  the  method  of  producing  a  vacuum  by 
the  condensation  of  steam,  IT-*^-  His  projected  applications  of  the 
steam  engine,  1  IS.  His  proposition  for  the  coiiscructjan  of  an  engine 
working  by  atmospheric  preasuTC,  f)2.  Ab&tHlons  the  project  when 
informed  of  the  principle  and  structure  of  Savcry's  engine,  62.  His 
engine  described,  Hi.  This  project  nothing  more  than  a  reproduction 
of  the  Marquis  of  Worcester's  engine,  GH.  The  fallacy  of  his  project 
exposed  by  Hooke,  64.  Iliii  project  for  producing  a  vaeuuin  under  a 
pistoa  by  coodenaing  the  steam,  published  in  (he  "Actie  Enidi- 
tontm,"  64. 

Parallel  motion,  195. 

Physical  science,  the  rapid  progress  of,  8. 

Pistoni,  242.  The  common  hemp-packed,  243.  WoolTs  method  of 
tightening  the  packing  of,  without  removing  the  lid  of  the  cylinder, 
34-(.  This  mct})od  further  eimpIiHed,  244.  Metallic,  344.  Cart- 
wright's  engine,  245.  Cartwright's  piston,  247.  Inveniion  of  the 
indicator  by  Watt  to  measure  the  mean  efficient  force  of,  274. 

Piston  rod  and  beam,  methods  of  connecting  in  the  double-acting  engine, 

193. 

Pneumatic  institution  at  CUftou,  Watt  one  of  the  founders  of,  310. 

Potter,  Humphrey,  his  contrivance  for  working  the  valves,  71.  Im- 
proved by  the  substitution  of  a  plug>framc,  72. 

Power,  pro[Mrtion  of,  to  tonnage  in  marine  engines,  480. 

Power  and  duty  of  steam  engines,  287. 

Priestley,  Watt's  letter  to,  relative  to  die  composition  of  water,  A07- 
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Pump,  in  illiuiration  of  force  atuinet^l  by  «  vtrunm,  M. 
Puppet  cUckM,  or  Imtton  Vklrtrs,  1 44. 

Rack  ami  Sector,  194. 

RailwavB,  sjieed  of  coachM  on,  cotopircd  with  that  of  ttagC'Coachca  on  ■ 

common  roatl,  7< 
Rftilwajr  transporl,  effix'ts  of,  ;J2K.  .'i.^O. 
liailwaya  and  Htone  roads  compared,  420. 
RirtT  navigation,  rxtciision  and  itnprovnneni  of,  ■IJl'i. 
"  Rocket,"  description  of  the,  a  locotnoiivc  engine,  345      Eog^iw* 

atrurtcd  in  thi-  form  of,  subject  lo  two  principal  drfccto,  .S.'t4.     Thar 

defects  nnnr-dicd,  355.     Improved  by  the  idoptioa  of  a  moiv  c«a> 

travk-d  blut-pipv,  356. 
Roebuck,  I>r.,  lVatl*8  partnerahlp  with,  ISO. 
Rotatory  motion,  melliod  of  producing  by  nin  and  pUnet  wheeK  187. 

Raffty-ralvc  not  adopted  by  Savcry,  5?.  InvenU-d  !iy  Papin,  57. 
Description  of,  57.  Pint  applied  to  Savery'i  engiiw  by  DonpH 
Item,  58. 

"  Bansparvil,"  description  of  the,  a  locomotiv*  engine,  ?147. 

8«very,  Tlioinaa,  obtaitis  a  patent  for  ao  cDgine  to  rai»c  water,  47* 
CirciunatancL'  which  led  to  liis  di«covery  of  the  rondenang  prindplr, 
47.  An  account  of  his  vQgine,  4<>.  Description  of  the  working 
apparatus  in  which  the  steam  is  used  aa  a  moving  power,  51.  Hta 
engine  described  in  a  work  eutitled  "  The  .Miner's  Frietid,"  56. 
Mcntinnetl  by  Dr.  flarriaon  in  hia  "  Lexicon  Technlcnn),"  56. 
Quotation  from  hii  addrcn  to  the  Royal  Society,  56,  QnottttMi 
from  hia  address  to  the  Miners  of  England,  57.  Mentioned  by 
Bradley  in  bis  "  Improvements  of  Plaotiag  and  Ganlemng,**  57. 
The  safety-valve  not  adopted  by  him,  .^7*  The  aafeiy-valre  Ant 
applied  to  liis  engine  by  Deiagulieni,  58.  Farey  on  the  steam  etigiBr 
quoted,  58.  Further  Iroprovcmenia  made  by  Deaagulien,  5S.  De- 
fects of  his  engine,  59*  Hia  cn^ne  appUcd  to  the  drainage  of  mines* 
59.  Further  defects  of,  60.  The  Rni  to  MiggeH  the  method  of 
expressing  the  power  of  an  engine  with  reference  to  that  of  borvn, 
61.  Failure  of  his  engine  in  the  work  of  drainage,  (tl.  The 
tendency  of  high  prcamre  to  weaken  and  gradually  destmy  the 
TesaeU,  72.  The  power  of  hia  engines  iwtricled.  73.  The  a(ma»- 
pheric  engine  superior  to,  73.  The  boiler,  gnage.pipes,  ami  regulaior 
borrowed  from  hia  engine,  73.  Propoeea  to  apply  his  enghir  aa  a 
prime  mover  for  all  aorta  of  machinery,  180. 

Scott,  Sir  Walter,  his  sketch  of  the  character  of  Watt.  .tli. 

Sculpture,  M'ait's  invention  of  machine  for  copying,  If  IS. 

Sea-going  American  atcamera,  496. 

Sea-water,  efTecta  of  upon  boilent,  4541. 

Seaward's  aljdea,  835.  Indicator  of  aaltneii,  454.  Hia  method  of 
blowing  out,  >54. 

Self-regulating  dami>er,  881.      Funuce,  88S. 

Separator,  430. 

Single-acting  engine,  detcription  of  Watt'f,  133.  144. 

Single  clack-valve,  Si£7. 
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Single  cock,  i.'ifl. 

SI itlf- valves,  '2'^}).     That  cottrivpil  by  Mr.  Morrfiy,  22.0- 

Smeaton,  John,  in¥eatigxu-«  the  atmospheric  engine,  70.  Applies  him- 
self to  the  improvement  of  wind  and  wftter  oiilb,  181.  Hiseslimate 
of  the  hor«e  power  of  c^ngines,  SKK. 

Solomon  Dc  Caus,  description  of  die  apparatus  of,  17.  M.  Arago  clainiB 
for  him  a  share  of  the  honour  of  the  invention  of  the  steam  cnf^itic, 
91.     llepublished,  with  additions,  tlie  work  of  Isaac  I>e  Caus,  29. 

SomerBet,  Edwanl,  Marquis  of  WoroeBter.  Invention  of  the  atesm 
engiue  ascribed  to  him,  23.  Description  of  his  coiitnvaiicf,  SS. 
His  "  Century  of  Inventionft,"  2 1.  Hrief  account  of  hit  engine 
described  tn  this  work,  31.  His  coiitricance  eompareil  with  thai  uf 
De  Caus,  33.  Many  of  hin  inventions  have  been  reproduced  and 
brought  into  general  use,  S*. 

Steam  cannot  be  applic^l  itnmrdiatelt/  (0  any  useful  pur^WBC,  but  rcquirca 
the  interposition  of  mechanism,  11.  Elastic  force  of,  reroguised  by 
the  ancients  only  in  vague  ami  (^-iR-ral  terms,  \U  The  power  of, 
formerly  mjiile  t«  miniBt*'r  to  ihe  objects  of  KuperstJtion,  mi-nlioiied 
by  Arago,  15.  Anecdote  showing  the  kiiowlcdj^c  wliicli  tlic  aiicicata 
had  of  the  mechanical  force  of,  \5.  Tlic  dificovt»ry  uf  the  conden- 
sation of,  by  I'apin,  ■t.'i.  Mechanical  power  obtained  from  the  direct 
presKUre  of  (he  elastic  force  of,  sugge&led  by  IJe  Caue  and  I^rd  \Vor-> 
cestvr,  7^.  Latent  heat  of,  1U7-  'fx^  mechauicat  forcv  of  consi- 
dered, 115.  \Vatt*«  early  experiments  on,  87.  Discovery  of  the 
expansive  action  of,  1.57.  Expansive  action  of  stated  by  Watt  in  a 
letter  to  Dr.  Smn1l,  I57>  lEs  principle  explained,  \5S.  Mechanical 
effect  resulting  from  it,  iGl.  Properties  of,  l(i8.  Common  and 
SQper-hea!ed  steam,  ]tiS.  Pressure  and  leinperalure  of,  I7I.  Re- 
lation between  the  temperatures  of  common  steam  and  its  prcasun! 
and  density,  172.  Effects  uf  the  expansion  of  common  steam,  173. 
Mechanical  effects  of,  173.  Methods  of  equalising  the  varying  force 
of  expanding  steam,  174.  Method  of  producing  a  vacuum  by  the 
oomtenfiation  of,  discovL-red  by  Tapin,  178-  vVppSied  to  move  ma< 
cUuery,  179.  Steam  guage,  27"-  Heating  by  sieara  brought  for- 
ward by  Watt,  3fi!i.  A  machine  for  drying  linen  by,  invented  by 
Watt,  ;t03.  Mode  of  c»caj>e  of,  froni  the  I'ngiiies  on  the  Liverpool 
road,  ^29. 

Steam  case  or  jacket,  invented  by  Watt,  124. 

Steam  engincj  a  suhjt-ct  of  popular  inleretC,  S.  The  effects  whioJi  it 
has  protluced  ujion  tlu-  wfll-lH-ing  uf  the  human  race  contudcred,  -!>. 
Presents  peculiar  claims  upon  the  allention  of  the  people  af  (jreat 
Britain,  5.  The  exchisive  offspring  of  Britisli  genius,  !i.  The 
virtoes  and  powers  which  it  has  conferred  upon  coala,  6.  Water  the 
iDCftna  of  calling  these  powers  intu  activity,  f>.  Used  in  the  drainage 
of  Cornish  mines,  7.  Comparison  of  its  power  with  human  labour,  H. 
InTcMigation  of  the  origin  of,  10.  A  combination  of  a  great  variety  of 
contrivances  and  the  production  of  several  inventions,  12.  Before 
the  discoveries  of  .Tames  Watt  was  of  extremely  ttiniled  i>ower,  12. 
Invention  of,  aacritwd  to  the  Marciuis  of  Worcester,  23.  Account  of 
i^vcry'a,    Uj.      Farey    ipiob-d,    AS.      Iinprovemcilta  made  by  IK-«a- 
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guIicTfi  58.  Applied  10  l^c  draitragr  of  mton,  59-  Htm|>hn7 
PocterV  rontrivance,  7'2,  Adruitages  of  the  atmospheric  ragia*  ntt 
that  of  Savery,  73.  Progress  of  the  Aimo-ijthriir  ct^inr,  75.  tV 
ecri]>tiun  of  I'apin'ft  engine,  (>3.  Smcaton's  improvcmeQU,  7^-  Fini 
experimenU  of  Watt  and  subK-tjucnt  improri'tneats,  83.  Watt'*  n- 
perimriitft  on  the  force  of  iitetm  at  high  preimre,  83.  Watt  diieaTvn 
th<i  forest  defects  of  tlie  itmoapheric  vngine,  S5.  Waste  of  hcM  in 
atinusphvric  fiigine,  Sf).  Dr.  Hlark'*  theory  of  latent  heal,  93.  Da- 
scriplionof  ^Vatt']»  experimental  engine  a(  Kinncal,  131.  DsaeripCiaa 
of  hib  nngh'-ACting  L'ligiite,  I  ;t.1.  DiMdvantagea  of  the  atmoaphcffc  eooi- 
parcd  with  the  old  engine,  150.  Expcdieiita  to  fprcc  the  allBO^biric 
tnigines  into  iiw,  152.  Watt's  exertions  to  improve  th«  nudMtiMIVR' 
of,  at  S>ho,  tSo.  Kfficiency  of  fuel  in  the  new  enginea,  IS6.  Hon- 
blower'strginc,  175.  Woyir»  engine,  I76.  Waft  cndcsvoun  lo  bring 
to  perfection  thi  application  of,  to  the  drainage  of  uuDca,  178. 
Papin's  projcctctl  appUcaiion  of,  178.  SavtTj  propowd  to  apply 
hia  ateam  engine  aa  a  prime  mover  for  all  Mirta  of  nutchincry,  180. 
Jonatlian  Hull'i  appUcation  of,  to  water- wlicels,  ISO.  ^tcam  ct^ne 
uanl  for  driving  water  wheels,  1S2.  First  atutnpt  of  tbia  kind 
made  hy  Onlvy,  18'^.  Stewart'*  appUralion  of,  to  ^tniU  work,  IIU. 
Waftbrough'a  application  of  the  tiy-wheel  and  crank,  183.  Rcbhh 
why  Watt's  tingle-acting  engine  waa  not  adapted  to  pmluec  eon- 
tinuoufl  uniform  motion  of  roution,  ISi.  Watt's  seoond  patent,  ISti. 
Valves  of  doubte-aeting  engine,  I8<).  Condensing  jet,  l^l.  Me- 
thods of  connecting  the  piston>n>d  and  heam  in  the  double- Acting 
engine,  1!)3.  Rack  and  KCtor,  \i}*.  Parallel  motion,  lfJ5.  Coo- 
necting  rod  and  crank,  203.  t'ly.wheel.  2t).>.  Throttle-valve,  807. 
Adaptation  of  the  governor,  209-  Douhle-acting  cngiine  cosuidend 
as  A  whole,  2\ii.  Prooesa  of  its  operation  investigated,  SI7.  The 
eccentric,  2*J5.  Cocks  and  valves,  227.  Single  clack-raWe.  527. 
[XHible  clack-valve,  228.  Conical  steam. valves,  228.  Slide-valves, 
22!).  Murmy's  Mlide-valre,  22!);.  !>  v>Jve,  2.30.  Seaward'*  slides^ 
23S,  Single  cock,  238.  Four.way  cock,  239.  Pistons,  242. 
Grosa  effect  and  useful  efl^ct  of  engines,  28.^.  Power  atid  duty  of, 
S87.  Horse  power  of,  288.  The  means  whereby  ineeliaiiicml  puwvr 
ta  exjiendeil  in  working  the  engines  eniunented,  890.  Cvmmam 
rules  followed  by  engine  makers,  2i»2.  I>uty  of  engine*,  3J>4>,  Vmf 
iliatingut»hed  from  power,  99'5.  Proportion  of  stroke  to  diameter  of 
cyUnder,  •£\)5.  Cornish  system  of  hispectlon,  297.  Improvemea* 
of  the  Cornish  engines,  298.  Historical  detail  of  the  duly  ot 
Coniish  engines.  2()f).  High -pressure  engines,  321.  Leupold'a 
engine  deseribccL  323.  ronstructJoii  of  the  flrsl  liiu.li  |ai—iii 
engine  by  Messrs.  Trevcthick  and  Vivian,  324.  First  appUosliaa  et 
ilic  steam  engine  to  propel  carriagca  on  railroads,  328.  riilllfuriUiin 
of  how  mtioh  corn  could  be  saved  by  Uie  flubatitution  of  steam  cnf|ina 
for  horse  power,  332.  Mariive  engines,  form  and  arrangement  of. 
^1.  Ditfcrencc  between  marine  and  land  enginer,  ^4S*  llr. 
Howard's  jtatent  engine  descrtbeil,  Hit.  Humphrey's  VtgjOU  if- 
aeribri).  470. 
Bleam    navigation   to   India,   iSti.      First  r^uhUiiheil  in  Arorriai, -M?. 
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CircumatanceB  which  t«d  lo  it,  488.  Attempts  of  Fitch  and  Rumsey 
ta  mpi*].y  the  !^iii>;Ic-BCting  ent;)""^  tv  the  |irojHiIsioii  of  vessels,  4^9* 
Sterens  of  Hoboken  commences  experimental  in,  4-8f>.  £xperimeti(s 
of  I.ivingMnne  aii<l  Fultoii,  48^.  Fullou's  first  boat^  4^10.  The 
liudaon  navigated  by  iteam,  491.  Extension  and  improvement  of 
river  navigation,  4i)S.  Americau  steamtira,  494.  X>ifltrtnce  between 
them  and  European  steamers  M}'^-  Steamers  on  the  Hudson,  4^4. 
Sea-goiog  American  steamers,  4y{J.  Speed  attained  by  AmericAn 
steamen,  49".  Lake  steamers,  tfjg.  Sli-am-boats  on  llic  Mlstdssippi, 
500. 

Sleun  ti]gB,  503. 

Steep  indjnations,  method  of  sunnDiiittinj;,  415. 

Stephenson,  hii;  locomotive  engine  'at  Kitlingworth,  SSp.  Defect  of, 
^41.     Constructed  the  driving  wheels  witbout  flanges,  383. 

Stevens,  of  Hoboken,  commences  experiineala  on  atcam  navigatioD, 
4«9. 

Stewart,  his  application  of  the  steam  engine  to  miU  work,  182. 

Stoking,  proceiB  of,  4()3. 

Sttifhng-liox,  contrivance  of,  147- 

Sun  and  planet  wheels^  method  of  producing  rotatory  matJoo>  187. 

Thernioineters,  the  process  of  tilling  deRcribt.'d,  44.  Explanation  of  Uie 
principle  uf,  98.  Cotistniciion  of  mo-ctirial  thermometer,  98.  Me- 
thod of  gratluatittg,  99' 

Thfrmouieter  gauge,  270. 

Throlllt-valvo,  description  of,  20?. 

Tredgohi,  his  remarlt  relativL-  to  Ncwcwnen'B  engine,  73. 

TrevethitJt  and  Vivian's  engine  described,  .SS5. 

Vacuum,  force  obtained  by  a,  4.?.     The  pump  an  illustration  of  this, 

43. 
Valves  of  double-acting  engine,  189* 


^VaHbrough,  his  applicatioo  of  the  fly- wheel  and  crank,  183. 

M'ater,  n  pint  of.  the  inechaJiical  force  proiluccd  by  its  evaporation,  6. 
The  alternate  decomposition  and  recom potation  of,  by  magnetism  and 
electricity,  analogous  to  vaporisation  ajid  condensation,  8.  The  fixe<I 
temperature  whidi  it  asLsuiiies  in  boiling  fiubject  to  variation,  108. 
Experimenu  to  iilu?iraie  this,  IO9.  Table  to  show  the  temperature 
at  wliit.-h  it  will  boil  und^r  different  pressures  of  the  atinoiipticn;,  113. 
Mechatiical  force  of  a  cubic  inch  of.  converted  into  sleAm,  1 18.  Dis- 
covery of  the  composition  of,  SOS.  The  nietil  of  lliis  discovery 
shai-ed  between  Cavendish,  Lavoisier,  and  Watt,  305.  Latent  heal 
of,  101.      Conveiaion  of  ice  into,  103. 

Water  lank.  404. 

Waler-whei'Is,  steam  engine  itsed  for  turning,  169. 

Walt  (Jamw),  birth  of,  "7,  His  infarcy,  78.  Anecdotes  mpecting, 
78.     His  boyhowl,  70.     Goes  to  London,  80.     Returns  to  Glasgow^ 

80,  Appointed  mathematical   instrument-maker  lo  th<.-    university, 

81.  Adam  Smith  ont  of  his  earlivst  friends  and  patrons,  HI.     AUo 
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lllack  ind  Robert  Simsoii^  81.  Exiricl  from  an  unpuMisbt^  inuu- 
itcri|H  or  Kohiaon  rvspecling  the  cburacttfr  uf,  SS.  IIU  fint  txpr> 
rimenta  on  sicam,  8^.  OIkutvcb  <leftvt»  of  AlJiioapbcrir  rtiginf,  K4* 
His  Hrat  •ttrmpl  to  itnprovv  it,  by  luing  ■  wooden  fnairul  of  m 
iron  cylinder,  H5.  His  inclbod  to  ucerlain  thr  t<-tn(N-r«larra  tt 
vrliich  water  wouM  boil  under  pmntrci  k«s  than  tUat  of  tbc  auno- 
spbcrc,  86.  His  mrly  cxiKTrimeiits  ou  Meain.  6T>  Hin  ootirv  of 
waMti'  or  hc«l  in  Atmospheric  irnglnes,  89*  His  (■xpmmrnu  id 
mine  the  extent  to  which  watrr  cnlai^cd  its  folaiue  whrn  it 
into  straro,  (>0.  Discovers  die  ktcnt  heat  of  iteam,  i)l.  l«an» 
t))«ory  of  latent  heat,  i}3.  His  kltcr  to  Dr.  BrewMer.  csplaiai 
the  circuinslancea  which  leil  to  the  error  that  a  Urgif  tttarr  of 
merit  of  his  discoveriea  were  due  to  Black,  [IS.  Find*  thai 
tatiou  in  the  cyUntU-r  is  incompatible  with  a  due  eetmotay  of  Al^| 
ISO.  Conceives  the  notion  of  condeiieing  out  of  the  cjUtHkr.  12CU 
DtscoTcrs  si'panite  condeiiMtion,  Wl.  Invents  the  air-i>unip.  W2. 
SulMtitutM  itfiun  pressure  for  atmospheric  pressure,  13.*^.  InvmW' 
the  aleam  cuw  Or  jacket,  X'ii.  Hh  firftt  expetimetila  to  rv«U« 
iJicse  inrenuons,  125.  His  cxpcrirotmtat  apparatoa,  1^6.  Uiffl 
ties  of  bringing  tlie  iniprove«l  engines  into  use,  128.  Practiirs  as 
civil  engineer,  l'i<).  Makes  a  survey  of  the  river  Clylv,  13(k  His 
IHutnership  with  Dr.  Roebuck,  130.  His  Srst  patent,  iMi. 
scriptioQ  of  his  experimental  engine  at  Kinneal,  131.  RcmoTca 
Soho^  131.  Abstract  of  the  act  of  i>arliament  for  the  extmsiofi 
bis  patent,  133.  Description  of  his  sin^e-acting  engine,  133 — 1 
His  coddenser  worked  by  an  ii^ection,  14^.  Objeetioim  al 
condensation  by  surface,  146.  Improvements  in  construction  of 
Ion,  147*  Ettt-cted  by  a  contrivance  called  a  atulling-baa,  |47> 
Method  of  packing,  148.  Inipioved  methods  of  boring  the  eyliDdrr. 
lit).  His  letter  to  Smevtun  on  this  subject,  I  Ml.  I'ted  hUA 
dust  for  the  purpose  of  lubrication,  14*).  This  fouitd  to  wear 
cylinder,  14i).  Disadvantsges  of  tltc  atmospheric  coniparod  wHtb  thr 
old  engines,  I.^O.  Greatly  increased  economy  of  fuel,  151.  Kapc 
dicnti  to  force  the  atmospheric  engines  into  use,  M'i.  His  ' 
ipondence  with  Boutton,  \5S.  His  correspondcnct  with  Sm' 
154.  Exertions  to  improve  (he  manufacture  of  engiucs  at  Sobo,  153. 
Efficiency  of  fuel  in  the  new  enginea,  15(3.  Endeamtus  to  hriof;  lo 
|>erfection  the  application  of  the  su*am  engine  to  the  dnuaafpe  ef 
iDinea,  173.  Tbe  reasons  why  his  single-acting  engine  wva  not 
adapted  to  produce  coittinuoiis  uniform  motion  of  rotation,  }HV-  H» 
notes  upon  Dr.  Kobison's  article  on  the  ateam  engine,  1S4  llu 
second  patent,  IStj.  His  thinl  pntciu,  I89.  Ills  upplieatioti  of 
fly-whed,  303.  His  application  of  tlie  throttlc-vaJvc,  ^07.  11 
aiiaptation  of  the  governor,  209.  HJk  double-acting  euglDe  eunsldrrrd 
aa  a  whole,  SKJ.  Investigation  of  the  prooeat  of  lla  ofteration,  ^17., 
Eccentric,  235.  Cocks  and  valves,  S87.  Sin^  clack-valve,  e? 
Double  clack-valve,  23S.  Conical  ■temm.valve,  fiSS.  Slidc-nl*: 
330-  The  waggon  boiler  adopted  by  bim,  335.  InvcoU 
indicator,  274.  The  counter  contrived  by  Idni,  97S. 
Lunar   Society    in    which   ^t'atl    and    Itoulton    wenr  Itndlng 
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bera^  309.  Invents  th«  eofiying  prvM,  SOS,  HU  friends  sud 
UBOciates  tt  Ilirminghim,  .S02.  Mctliod  of  hcatini;  by  eteam 
brouglit  fwiwanl  by  liim,  303.  His  iiivcplioii  of  a  mAchine  for 
drying  linen  hy  aWam,  .103.  His  share  in  the  diicovcry  of  the 
rompttsitioii  of  wator,  .'^O.'J.  His  letter  to  Prirttlry  on  tbU  subject, 
31)7.  Anecdote  of  his  inTeiitive  genius,  309.  Iiitroducea  the  use 
of  chlorine  in  bleaching,  310.  One  of  the  foundtre  of  the  I'neu- 
natic  inBUtution  at  CUfton,  310.  His  first  marriage,  310.  Pri- 
vate life  of,  311.  Death  of  his  dm  wife,  311.  Hix  second  mar- 
riage, 311.  He  retires  from  business,  311.  Death  of  his  younger 
non,  311.  Extracts  from  bin  k'ttiTB,  312.  His  ikatb,  313.  Cha- 
mcicr  of,  by  Lor«l  Brougham,  313.  By  Sir  Walter  Scott,  314.  By 
Lord  JeSVpy,  3ir>.  Occupation  of  his  oUI  age,  tilB.  Invention  of 
machine  for  co[>yiQg  sculpture,  318,  His  luat  days,  316.  Monu- 
ments, 31.9.  Imcription  on  the  monumfnl  in  Westminster  Abbey 
from  the  pen  of  Lord  Brougham,  SlQ.  His  apphcation  of  lubulu 
condensers,  457.  His  expcilient  for  coating  boilers  with  felt,  4fi3. 
WiUEinson,  his  machine  for  accurately  boring  the  insides  of  cylinders, 

149. 
Williams's  method  of  consuming  the  unburne<I  gases  whicli  escape  from 

the  grate,  and  arc  carricil  through  the  Bucs,  260. 
Woolf's  engine,  176.      Woolf's  piston,  24S. 
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